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FOREWORD

This is a report of only Phase | of the research project “Photogrammetric Dimensioning
of Distributive Systems Mbdels.” It contains the researcher’s acquired understanding and
recomrendations for Phase 1. Its purpose is to solicit shipbuilders' coments.

The project is one of a number, in progress, being managed and cost shared by Todd
Pacific Shipyards Coporation as part of the National Shipbuilding Research Program The
Program is a cooperative effort between the Maritime Administration’s COffice of Advanced
Ship Devel opment and the U.S. shipbuilding industry. The objective. described by the
Ship Production Conmittee of the Society of Naval Architects and Marine Engineers.
enphasi zes productivity.

The researcher is:

M. John F. Kenefick
john f. kenefick Photogrammetric Consultant. Inc.

Post Office Box 3556
Indialantic, Florida 32903

The R&D Program Manager is:

M. L D Chirillo
Todd Pacific Shipyards Corp., Seattle Division
Post COffice Box 3806
Seattle, Washington 98124

Appreciation is expressed to the individuals and organizations referenced in this report
who assisted the researcher.
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This project is a natural outgrowth of the Todd/MarAd
sponsored project “Photogrammetry in Shipbuilding” which was very
successfully concluded in 1976 with a report bearing the sane title.
lIn that earlier work it was denonstrated that photogrametry can
produce very reliable dinmensions of an object from photographs.

Fi ve shi pyards subsequently contracted for photogramretric surveys
of large structures, attesting to the productivity of the method.

One of the denobnstrations conducted during the earlier
project produced an accurate arrangenment drawi ng of steam systens
from phot ographs of a portion of a machinery space nodel. But, it
was concluded that it would be nore productive to produce dinmensions
from such nodels in digital rather than graphical form In digital
form the dinmensional data could be readily manipul ated for direct
input to existing or devel opi ng conputer-aided piping design prograns.
In substance, photogrammetry was seen as a l|logical |ink between
design nodeling of distributive systens and conputer-ai ded piping
desi gn prograns.

Design nodeling, which is an alternative to traditiona
desi gn processes in congested areas of ships, has been productively
i mpl ement ed by several foreign shipbuilders and nost major U S.
desi gner/buil ders of petro-chem cal plants and the like. Because
the design takes form by way of building a very detail ed scal e nodel
with only ship specifications and general diagrammatics as guides,
there are (initially) no records of arrangenents, dinensions, parts,
etc. except those which are inherent in the nodel itself. The task
then, is to accurately extract this information from the nodel. Si nce

shi pbui l ders are inplenenting conputer-aided piping design prograns,



these extracted data should be sinultaneously formatted for direct
i nput to such systens which, in turn, can produce joint maps, pipe
detail drawings, fabrication instructions, bills of material, etc.

Presently this data extraction process is typically a manua
one. There have been nunerous attenpts to nechani ze the data
extraction process, but only in one instance did any of these becone
i mpl emented in a production environnent. Phot ogrammetry is not
presently used for this purpose, but properly applied, it is believed
to have the potential for being the nost productive of any of the
possi bl e data extraction processes.

Two conceptual photogranmetric systens which are believed to
be best suited to the data extraction task are described in detail
as are their relative nerits. One system nakes use of a stereoplotter
m ni -conputer digitizer while the second utilizes a nonoconparat or
m ni -conputer digitizer. Both digitizing systens use photographs
fromthe sanme type of photogrammetric canera. The canmera and either
digitizing system can also be used for other shipyard dinmensioning
tasks .

It is recoomended that Phase Il of this project be inplenented,
wherein both conceptual digitizing systens can be eval uated. Con-
currently, with the aid of a participating organization such as
O fshore Power Systens, conceptual nodel building techni ques which
will aid the data extraction process can also be eval uated. Final |y,
data gathered from experinental digitizing efforts should be processed
by the Newport News “RAPID’ system to denonstrate, by way of output
docunments, end products resulting from the nmarriage of design

nodel i ng, photogrametry and conputer-ai ded piping design systens.
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1. I NTRODUCTI ON

1.1 Background

In July 1976 the U.S. Maritinme Adm nistration in co-
operation with Todd Shipyards Corporation published a
Nati onal Shi pbuil ding Research Program report entitled
“Phot ogrammetry in Shipbuilding”. 'Efforts put forth in
t he conduct of that project represented the U S. ship-
building industry’s first exposure to photogrametry, the
science of obtaining reliable two and three dinensiona
nmeasur enents of objects from phot ographs. Several ship-
bui | ders quickly recognized the productivity of photo-
grammetric dinensioning, particularly for the measurenent
of large structures. Even before the project concluded
one shipyard conmtted to the use of photogrametry for
the survey of spherical LNG cargo tanks, w th subsequent
cal cul ation of their sounding tables. O her exanples O
i mpl ementati on which have since materialized include:

*measurenent of mating faces of a very large

t hree-section jacket of an offshore

drilling platform

*measur enent of Conch-type LNG tanks for
t he purpose of generating sounding tables

*survey of mating faces of two 126, 000- dw
tankers built in halves and mat hematica
prediction of the fit between the forward
and after ends

*determ nations of circularity at various
transverse sections though cylindrical
vessel s

lThis report is available as Publication PB-262~130/AS through the
Nati onal Technical Information Service, 5285 Port Royal Road,
Springfield, Virginia 22161. Al so see Abstract #1, Appendix A
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The “Photogrametry in Shipbuilding” project in-
corporated four denonstration photogranmmetric surveys,
all of which were conducted under real shipyard con-
ditions. One of these enpl oyed photogranmetry for the
purpose of “lifting” dinmensional data from nodels of
machi nery spaces. Phot ographs of a machi nery space nodel
were used to produce an accurate conposite drawing of a
portion of the nodel. Figures 1.1 and 1.2 illustrate
the initial and end-products of that denonstration.

Al t hough the denonstration was considered to be
rather crude, it did definitely establish the feasibility
of the process. O this it was stated further

Since a stereoplotter neasures
in all three dinensions simultaneously and
since each axis can be digitized (a very
conmon practice), the points defining a
pipe can be digitized.

Such digital representations could be
mani pul ated to automatically plot system
arrangenent drawi ngs, conposites or isonetrics
at any desired scale. Al so, pipe bending
details could be automatically generated as
has been denonstrated el sewhere. Utimtely,
the digital data could be nmerged w th other
aut omat ed design systens. For these potentia
applications it is clear that photogrametry
could serve as an excellent input “device”
whi ch would permit a conbi ned pipe-systens
desi gner/ nodel naker to put his inherently
interference-free piping arrangenments into a
conputer. "

1.2 Scope of the Current Project

The present project is a natural outgrowh of the
origi nal work described above. bj ectives of Phase I, as
set forth in the Statenment of Wrk are:

*t o devel op an understandi ng of design
nodel i ng



*to beconme famliar with processes in-
volved in the production of distributive
systenms draw ngs

*to devel op a basic understandi ng of how pipe
fabrication data are generated

*to beconme acquainted with events leading to
the generation of bills of material

*to study the capabilities and input require-
nments of existing conputer-aided distributive
systens design prograns

Know edge gained from these investigations is either inherent
or set forth explicitly throughout the remainder of this

report. At the sanme tine suggestions are nade with regard to:

*conceptual nodel building techniques which
may facilitate take-off of dinensions by
phot ogrammetri c net hods

*conceptual photogrametric systens (hardware,
software and procedures) which mght be

enpl oyed for three dinensional digital

take-off of dinensions in a fornmat conpatible
for direct input to an existing conputer-aided
pi pi ng design program

*continuation of the project into a denonstra-
ti on phase
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FIGURE 1.1: Photograph of a Portion of a 3/4" = 1' Machinery Space Model.
This print was made directly from one of several glass plate
negatives used for the photogrammetric work.
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2. DESI GN MODELI NG




DESI GN_MODELI NG

U.S. shipbuilders are certainly famliar with and have
made use of a variety of nodels. These uses are docunent ed
in the report “Use of Scale Mdels as a Managenent Tool "?
whi ch was al so produced by the Maritime Administration and
Todd Shi pyards Corporation in conjunction with the National
Shi pbui I di ng Research Program That report, however, only
briefly touched upon the concept of design nodeling,
probably because it is not generally practiced within the
U.S. shipbuilding industry.

The brief discussion of design nodeling given herein is
intended only to acquaint the reader with the technique.
Wiile this report is not intended to pronote design nodeling
per se, it is significant that European and Japanese ship-
builders do rely heavily on the nmethod, as do many designers
of oil, chemcal and process plants within the U S.

2.1 The Basic Concept

Quite sinply design nodeling is just one
alternative to the design of distributive
systems . Designers, planners and nodel builders
(or persons disciplined in two or nore of these
areas) usually start only with a general specifi-
cation for. the vessel or plant, diagrammatics or
fl ow di agrans, the basic structural design and
predeterm ned nmajor nachinery items. A scale

nodel of the structure is built to a high degree

1This report is available as Publication COM 75-10923/AS through
Nati onal Technical Information Service, 5285 Port Royal Road,
Springfield, Virginia 22161. Al so see Abstract #2, Appendix A

t he



of accuracy primarily from Plexiglas and siml ar
materi al s. Al ternate arrangenents of machinery

are usually studied next, directly on the nodel.
Once the optinum arrangenent is decided upon,
routing of piping systens, wreways and HVAC i s
then al so perforned directly on the nodel. Most

of the “parts” used for this purpose are nmade of
plastic and many of these are commercially avail -
able items. This is particularly true of standard
di aneter pipes and industry-standard val ves, punps,
fittings, etc. Abstracts #3 through #21 contained
in Appendi x A are exenplary of nmany available articles

l From t hese the reader wl |

on design nodeling.
qui ckly determine that there are nany variations

in procedures, sophistication and even in opinions,
al | having been devel oped as that which best suited
a particular organization’s structure.

It is inportant to appreciate, as stated above,
that design nodeling is an alternative design
technique. An organization enpl oying design
nodel i ng nost certainly would not build a nodel of
all distributive systens on-board a ship. It should
be obvi ous that design nodeling would be productive
i n congested areas such as engine and punp roons

but that traditional nethods of design would be nore

productive in non-congested areas of the ship.

LAbstracts #3 through #10 are for general articles on design nodeling
whereas #11 through #21 are for articles nore relevant to the narine
i ndustry. Abstracts #17 and #18 should be of particular interest to

shi pbui | ders since these describe a very sophisticated and conplete
desi gn nodel i ng system enpl oyed by Odense Steel Shipyards, Ltd.

-0-
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PHOTOGRAMVETRY

Phot ogrammetry is the science of extracting reliable
di mensi ons of an object from nmeasurenents nmade on two or nore
phot ographs of the object. Wiile the science has only been
recently adopted within the shipbuilding industry it has been
in various stage’'s of devel opnent for over 100 years. Tech-
nol ogi cal advances which have dramatically altered the course
of the devel opnment of photogrammetry were the invention of the
airplane and the digital conputer. 95% of all of the earth’s
t opographi ¢ naps are now produced by photogranmetry and it is
state-of-the-art to produce very precise neasurenents of
obj ects such as ship’ s sections and cargo tanks.

3.1 Basic. Principles

| nasnuch. as photogrammetry is treated in great
detail in the report “Photogrammetry in Shipbuilding”
(see footnote 1, page 2 ), only general concepts
pertinent to the present project shall be discussed
her ei n. However, a conplete glossary of terns is
contained wthin Appendi x B.

3.1.1 Stereoscopic Perception

The fact that three dinensional data
can be obtained fromtw or nore photo-
graphs of an object is not nysterious
when one relates to his own experience
in view ng stereoscopically. Surely the
reader has seen a “3D" novie so popul ar
in the 1950's or has nused over his
famly' s antique stereopticon. Bot h of

t hese view ng experiences hold one basic

-11-



comonal ity - the viewer's eyes are in-
stant aneously presented two phot ographs

of the same scene, but each is taken from
di f ferent vantage points. It is this
difference in vantage points which allows

the viewer to “see” in three dinensions when
the two phot ographs are vi ewed. Suffice it

to say that if it is possible to create a

t hree di nmensional reproduction of a scene,

it is also possible to introduce a nmeans to

make measurenments within this perceived scene.

3.1.2 The Stereoplotter

A stereoplotter is nothing nore than a
sophi sticated device for sinultaneous view ng
of two photographs (see Figure 3.1). [f the
two phot ographs are of the same scene but
taken fromdifferent points of view, the
operator of the instrunent actually sees a
three dinmensional rendition or “optical nodel”
of the scene. The stereoplotter also has a
nmeasuring reticle which the operator nmay nove
in contact with the optical nodel. Movenent
of this reticle may be digitized (X, Y and 2)
by neans of encoders just |ike those on
digitizing tables used in nold |lofts. Hence,
it is possible for the operator to digitize,
in all three dinensions, any point he chooses

within the optical nodel. The notion of the

-12-



FIGURE 3. 1:

A Stereoplotter. This particular instrunent was
used to map the machinery space nodel of Figure 1.1
and produce the drawi ng shown as Figure 1.2. The
instrunent allows the operator to view two photo-
graphs sinultaneously and perceive the scene photo-

graphed in three dinensions. Points of interest can
be digitized in three dinensional coordinates or
shapes and features can be napped in the form of I|ine

draw ngs. Phot ograph courtesy of WId Heerbrugg
I nstrunments, Inc., Farm ngdale, Long Island, New York.

- 13-



reticle may al so be followed by mechanical or

el ectronic |inkages connected to a draw ng

table, such as the one pictured on the right

of Figure 3.1, permtting the operator to

draw a map of the object. It is this node of
operation which was used to produce the piping
drawi ng shown in Figure 1.2. But, it is the
digital node of operation which is being pursued
in the present investigation.

3.1.3 The Analytical Approach

To create the third dimension from photo-
graphs it is necessary that the photographs
i mmge the same scene fromdiffering vantage
poi nt s. O'tentinmes, however, an entire scene
contains relatively few points of engineering
signi ficance. For exanple, in predicting the
fit of ships built in halves, it is only
necessary to determne the relative |ocations
of “hard” points on each of the mating faces.
Hence, photographs of the transverse sections
need only contain inmages of these hard points
and the renai nder of the scene need not appear
at all! It would be entirely permssible to
t ake photographs at night with tiny lights
pl aced at the hard points, which of course
woul d result in photographs having only a few
dots where the lights were imaged. In practice
phot ographs are taken during the day but the

hard points are nonethel ess signalized, not

-14-



with lights but with high contrast targets.

Al though an entire transverse section is

imaged, only the targets are of interest.

Phot ographs containing only inages of

targets can be used in a stereoplotter?

and three dinensional |ocations of

the targets

can be digitized. These photographs can also

be nmeasured individually, i.e. one at a tine
on an instrunent known as a conparator (see
Figure 3.2). The conparator perforns precisely

the same function as the digitizing table in

a nold loft, the only difference being that

t he conparator neasures over a snaller

but with much greater resolution

area

Hence, the

conparator allows its operator to digitize the

| ocations of the target inmages.

Not e,

however,

that the neasurenents are only in the plane

of the photographs and do not (yet)
the three dinmensional scene photographed.

Measurenents from a conparat or

nmust

relate to

be

processed through a conputer program in order

to derive the three dinensional |ocations of

the targets. The mathematical process is readily

visualized with the aid of Figure 3.3.

diagramit is seen that a line or

13 ”

ray

In this

may be

-But with restrictions placed on the separation and parallelism of

canera axes when the two photographs are taken.

These

restrictions

are inposed by nechanical limtations of the stereoplotter.
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projected from an exposure station (i.e. the

| ocation of the canera |ens when the photo-
graph was taken), through the conparator-
measured xy location of a target inmage on into
space and the object itself. Actually, a single
ray to a target will continue through the object
to infinity unless the ray is intercepted by
another ray (or rays) to the sane target but
froma different photograph(s). The principle
illustrated is sinply one of three dinensiona
triangul ation by neans of intersecting rays;

the location of the target in the user-defined

XYZ coordinate system of the scene is sinply that

: . . 1
point at which rays to the sane target intersect.

1A nore conplete discussion of this technique may be found in

“Predicting the Fit of Ships Built in Halves” by J. F. Kenefick
and D. Dougl as Peel, prepared for presentation to the International
Soci ety of Photogrammetry Inter-Congress Synposium “Photogrammetry
for Industry”, August 14-17, 1978, Stockholm Sweden.
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FI GURE 3. 2:

A Monoconpar at or.. This type conparator is designated as a “nono”
conpar at or because the operator views only one photograph at a
time; i.e. there is no stereoscopic perception. Phot ogr aph courtesy

of Keuffel and Esser Conpany, H Dell Foster Qperation, San Antoni o,
Texas.
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4.  COVPUTER- Al DED PI PI NG DESI GN SYSTEMS

4.1 Variations in Degree of Autonation

Nearly all shipbuil ders nowadays have introduced
sonme degree of conputer automation in their distributive
systens design processes. The extent to which automation
has been inplenmented varies w dely, however. In sone
yards, usually smaller ones, this automation may be
rel egated to stress calculations or conputation of
fabrication data. In sone |larger yards (especially
foreign) the design of congested areas of a ship may be
al nost entirely automated, even to the extent that the
designer inputs his conceptual designs at a CRT from

rough sketches and imediately interacts or “converses”

2 Because of

with the conputer to finalize his design
this wide variation in automation it is sinply not
possible to review all variations of conputer-aided

di stributive system design. Accordingly, only the nore
conpr ehensi ve systens were studied by the investigator
since the capabilities of |ess sophisticated systens
woul d i nherently be covered by such an approach. It is
al so worthy of nention that all autonated systens are

al nost exclusively concerned with piping and not with

el ectrical and HVAC Qoviously this is because piping
design, fabrication and installation consunes a major

portion of the total shipbuilding process. However ,

once conputer-ai ded piping design approaches near

1 Cat hode Ray Tube

2This process is comonly referred to as “interactive graphics”.
Such design systens are not yet entirely perfected, but systens
with somewhat less than this full capability are operational.
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perfection it is logical that other distributive
systems will be given greater attention.

4.2 The Newport News RAPID System

4.2.1 Reasons for Detailed Review

The Newport News RAPID (Interactive

Pi pi ng Design) system was chosen for

particularly detailed review for several

reasons:

a. The system (in the opinion of the
investigator) is a practical one being
based upon five years experience in
aut omat ed generation of pipe fabri-
cation data at Newport News. System
devel oprment is directed by individuals
intimately famliar wi th shipbuilding
functions.

b. Wiile the systemoffers the potenti al
to be expanded to interactive design,
its present capabilities are predicated
upon traditional design wherein piping
geonetry is prepared in the form of
arrangenments and/ or conposites. From
this point forward (as will be described
shortly in greater detail) the process is
conput er - ai ded . In these respects the
systemis essentially the sane as it would
be if the piping geonetry were defined
on a nodel rather than on the drafting
boar d. In fact, the RAPID system sinply

TAlso see Abstract #22, Appendix A
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accepts piping geonetry as one of its
basic inputs; whether this geonetry

cones from arrangenent draw ngs or nodels
is of no real consequence.

c. The systemis being devel oped by Newport
News under a cost-sharing arrangenent
with the U S. Mritine Admnistration.
Because of this arrangenent RAPID technol ogy
is scheduled to be released to the U S.
shi pbui I ding industry during 1978.
Logically, efforts of this project should
dovetail with the devel opment of RAPID
but w thout being dependent upon the
exi stence of RAPID.

4.2.2 RAPID Hardware.

Figure 4.1 illustrates a possible RAPID
hardware configuration. The word possible is
enphasi zed since many variations are |ogical,
dependi ng upon a given shipyard s needs.
Functions of the hardware conponents are:
*Mni-conputer - contains all of the RAPID

prograns which accept and store input data,
process data and out put data. In addition
the m ni-conputer can comuni cate (for
purposes to be described shortly) with the
shi pyard’ s nmain conputer. Beyond mi ni num
requi rements, the mni-conputer can have

a range of central nmenory and auxiliary
magneti c storage devices such as discs and

magnetic tapes.
-29.




data link to
main computer

mini- \\\\\\\\
computer \\\\\\\\
\\\\\\\J////Jstorage
tube CRT
digitizer
plotter keytbard
FIGURE 4.1

A Hardware Configuration of the RAPID
System O her configurations are
al so possible. Illustration is taken

fromthe report described in Abstract
#22, Appendi x A
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*Digitizing table - is sinply a recording
device which allows the user to input

| ocations of pipes, fittings, valves, etc.

in terns of their relative locations in an
XY coordinate system

*CRT - serves both input and output functions.
The operator can input by neans of a

standard keyboard attached to the CRT. For
example, if he is digitizing a plan view of
an arrangenent, he can manually enter corres-
pondi ng elevations of points digitized. He
can also use the keyboard to enter text in-
formation to be attached to itenms he is
digitizing. Finally, the keyboard may al so
be used to request the mni-conputer to execute
certain pre-programed functions such as

cal cul ation of pipe bending instructions.

The television-like display tube of the CRT
allows the user to graphically see the path
he has digitized. The tube al so displays
information typed in at the keyboard or
information (text and/or graphical) retrieved
from the mni-conputer through commands typed
at the keyboard by the operator.
*plotter - s sinply a neans for permanently
recordi ng graphical and text informtion
For exanple, an isonetric for a piping

sub- assenbl y.
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. 2.3

RAPI D Capabilities

Basi c capabilities of the RAPID system are
best understood by dividing discussions into

| ogi cal steps of operation.

4.2.3.1 lnput

| nput of piping geonetry by
digitizing arrangenent drawings is the
fundanental input process. As the
operator follows a given run on his
digitizing table, each pipe “event”
such as start, stop, tee, flange, valve,
etc. is digitized. At any tinme the
operator can request a check-plot by
i nputting commands at the CRT keyboard.
The operator can also key in identifiers
(also called attributes) to be associ at ed
with each digitized event. An identifier
may be as elenentary as a pipe dianeter,
but it can also be nore conprehensive
and include, for exanple, a shipyard
stock nunber.

It is also possible for the user to
nodi fy pipe geonetry at any tinme by
utilizing appropriate digitizing and key-
board i nputs. For instance, an extrusion
can be inserted at a |ocation defined by
the digitizer sinply by inputting the
correspondi ng command at the CRT keyboard.
O, a pipe can actually be “broken” and,
for exanple, a tee inserted.
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Anot her input convenience allows
the user to collect together and/or
di vide piping arrangenents into
assenbl ies, sub-assenblies, etc. for
shop fabrication and installation. In
sonme shipyards this function is perforned
by the design group whereas in other
yards the shop assunes this responsibility.
In recognition of this variation the
RAPI D system is designed to accept conmrands
input froma “shop station”. But, commands
from a shop station cannot alter the design
of the piping; they can only effect
di visions of the piping systens for fabri-
cation and installation purposes. The shop
station can al so request output of draw ngs,
material lists and fabrication instructions.

The remai nder of the input capabilities
of RAPID are commands whi ch invoke data
processi ng and/or output functions. These
are taken up separately in the follow ng
two paragraphs.

4.2.3.2 Data Processing

Once piping geonetry is defined,
automati ¢ ' conponent selection may be
i nvoked by the operator through comrands
entered at the CRT keyboard. | f a conponent
has previously been specifically identified

by a shipyard stock nunber (for exanple)
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it is “looked up” in a naster parts

catal og which resides on disc storage

within the mni-conputer. Geonetric

data is taken from the catal ogue and

automatically nmerged with the piping

geonetry data. Also, fitting orientation

is automatically calculated. Since there

are frequent situations where designers

call for parts by generic nane (as

exanples a turn or branch) rather than by

specific descriptors such as shipyard

stock nunbers, the operator can input

conponent selection rules to be used by

t he automati c conmponent sel ection program
Anot her data processing function

perforns error checks on a user-specified

group of piping. Basically, the checks

are to determne if everything is conpletely

and logically defined for subsequent

production of fabrication instructions and

generation of bills of material. A third

data processing procedure actually cal cul ates

the fabrication instructions and at the

sane tine checks for situations that cannot

be handl ed by the manufacturing facility;

for exanple, bends that hit the floor

Finally, it is also possible to invoke a

data processing function which allows the

user to make nodest changes to pi ping

geonetry in order to elimnate errors.
-27-



4.2.3.3

Qut put
Qut put whi ch can be generated by
RAPI D has already been inferred from
t he above di scussi ons. In summary these
are:
*pi ping drawings, wth labels and
di mensions if input (RAPID does not
presently include an automatic di-
nmensi oni ng capability)
*material lists
*pi pe fabrication instructions
*schematic (joint map) draw ngs
Wth regard to the output of piping
drawings it is worthy of nmention that
t he user can “conpose” his own views of
a given sub-assenbly. These may be
orthographic or isometric views of an
entire subassenbly and/or of any
user-sel ected details thereof.
Sanpl e RAPI D out put docunents are
presented in Figures 4.2. These have
been prepared nmanually since RAPID was

not conpletely operational in February

1978 when the system was studi ed.
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Sample Joint Map (Partial)

P4
r FI GURE 4. 2a: Sanpl e Qut put

FL-14 Document From the RAPID System.
Courtesy of Newport News Shipbuilding
and Dry Dock Company

- HP-24831
e—P2981
HP-24879
F-11
HP-24880 |
HP-24906 &—— P2 957
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%———  HP-24908 E;rf‘
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P2984 :
FL-14
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ISOMETRIC SYMBOL LIST
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VENT OR DRAIN

FLANGE
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Sample Pipe Detail Plot

Location and orientation of views and labels selected interactively by desi gner. .
Dimensioning performed automatically by computer.

F3

71 >

FIGURE 4.2b:

" =1 ]

re]

Sample Output Document From the RAPID System.
News Shipbuilding and Dry Dock Company.

Courtesy of Newport
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Pl PE DETAIL NO

END PREP OR TEMPLATE

1234567, HULL XYZ PI PE MANUFACTURI NG | NSTRUCTI ONS

Shi pbui I ding and Dry Dock Conpany.

Pl PE CUT & PREP Pl PE STOCK NO. END END LENGTH MATERI AL
P7 251763 Sw SW 84.5 C UNII
P8 251763 Sw -- 20 CUNI
FI TTINGS LI ST Pl ECE STOCK NO. DESCRI PTI ON MATERI AL
F1 - FLange —CONT
F2 112781 Fl ange CUNI
F3 754163 El bow CUNI
F4 639172 Boss CUNI
PRE- FAB DI ST. FROM ORI ENT
STRAI GHT PI PE PRE- FAB Pl PE ATTACH NG Pl ECE END ANGLE JO NT NO JO NT_TYPE
P38 F2 0 J13728 SW
P8 F3 0 J13729 SW
BEND & MARK Pl PE OPERATI ON AMT
P7 FEED 21.3 End to 1st TANGT
BEND 30.0
FEED 23.5 1st TANGT to 1st TANGT
ROTATE 165.0
MARK 17.1 From 1st TANGI for F4
ROTATE 15.0
BEND 30.0
Cur 33.4 From 1st TANGT
MAI N
MAIN FABRI CATI ON Pl ECE ATTACH NG Pl ECE ORI ENT JO NT NO JO.NT TYPE
P7 F1 45.0 J13726 ' Sw
P7 F4 75.0 J13727 BW
P7 F3 38.0 J13730 Sw
FIGURE 4.2c: Sanple Qutput Docunent From the RraPID System



SAMPLE BILL OF MATERIALS

PIPE LIST
PIPE STOCK OR P.O. LENGTH NOM DIA oD
P6 257136 47.5 1 1.315
P7 258215 118.0 0.75 1.050
VALVE & FITTING LIST
PIECE STOCK OR P.O. QTY SIZE DESCRIPTION
vl 441273 1 2 Globe VAlve
F19 311762 4 1-1.5 Union
HANGER LIST
HANGER STOCK OR P.O. STD? LENGTH

FIGURE 4.24:

Sample Output Document From the RAPID System.

Shipbuilding and Dry Dock Company

THK MATL SPEC REMARKS
.005 Ccu
.065 CUNTI

MATL SPECS REMARKS

CUNI

CUNI

7030

Courtesy of Newport News
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A REVI EW OF DI MENSI ONI NG DESI GN _MODELS

5.1 The Need

5.2

When nodeling is enployed as a neans for the design
of distributive systens, the conpleted nodel can be
likened to a single conposite draw ng. But, wunlike
conposites, there are no source docunents (such as
arrangenent draw ngs) to which one can refer for detailed
di mensi onal information. The nodel is the design and it
exi sts nowhere else in any form Al so unlike conposites,
the nmodel is inherently free of interferences. Al though
the nodel in itself serves as an excellent medium for
transmtting design concepts anong the many persons re-
quiring such information, there is the unquestionable
ultimate need to convert the design into other nediuns of
conmmuni cat i on.

Experi nental D nensi oni ng Procedures

5.2.1 Early Photographic Attenpts

It is intuitive that photographs of a model
are very useful visual aids. Indeed, model
photography has been and remains an integral
part of all serious model building programs.

As an example, see Abstract #23, Appendix A.

In the early years of design modeling,
however, attempts were made to use photographs
as if they were orthographic projectioms.
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the photographs. Because an ordinary photograph
is a perspective view rather than an orthographic
one, the photograph does not have a unique scale.

While the scale will be constant for all detail



in a given plane parallel to the focal plane
of the canera, the scale varies for different
paral | el planes. Hence it is not possible to
scal e accurate dinensions directly from an
ordi nary photograph if the object photographed
has dept h.

To reduce the effects of this variable
scale (oftentines referred to in the literature
as “perspective” or “parallax”) sonme organi zations
tried using very long focal |ength caneras, but
ultimately, the entire concept of scaling from

ordi nary phot ographs was abandoned.

5.2.2 Farrand’s Photogrametric System

In the early 1960’s Richard Farrand, then
enpl oyed by Inperial Chemcal Industries (U K),
saw the potential for utilizing photogrametry
to “lift” dimensional information fromtheir
design nodels of chemical plants. To determne
the potential productivity of such a system
Farrand conducted a series of experinents which
al l oned a conparison of manual versus photo-
grammetric take-off of dinmensions from a piping
nodel . The results were astonishing in that the
photogrammetric nethod was at |east tw ce as
productive and yet devoid of the blunders which

al nost always crept into the nanual mneasurenents.
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5.

2.

3

Based on the favorable outcone of these
experinents, Inperial Chem cal conm ssioned a
wel | - known nanufacturer of photogrametric
hardware to build canera and stereoplotter
equi prent specially designed for Inperia
Chem cal ’ s worKk. In contrast to conventiona
stereoplotters such as the one shown in Figure

3.1, Farrand's stereoplotter had two drafting

t abl es. On one table an el evation view of piping

woul d be produced while the plan view was

si mul taneously drawn on the second table. Pi pe
drawi ngs produced in this way were to an exact
scal e and drawn upon a stabl e-base drafting

mat eri al . Al though draftsnmen |ater added
annot ati ons, dinensions were never shown.

I nst ead, whenever dinensions were needed they
were sinply scaled from the draw ngs.

Farrand’s system was never put into pro-
ducti on. Reportedly, traditionalists in fear
of their own status in the face of such a
productive system noved to scuttle the entire
endeavor. Additional details on Farrand's
work may be found in Abstract #24, Appendix A

Uility Data Corporation’s Experirrents1

In 1972 Wility Data Corporation ("UDC")
experinented with the use of analytica
photogrametry (simlar to that described in

paragraph 3.1.3) to determne three dinensiona

Informati on obtained from WIIiam Fol chi
enpl oyed by UWility Data Corporation. M.
experinents descri bed.

- 35-

phot ogrametrist, formerly

Fol chi

conducted the



coordi nates of pipe events as portrayed in a
design nodel. A nodel of a petrochem ca
pl ant was | oaned to UDC by the M W Kell ogg
Conmpany who encouraged UDC to investigate the
potential of the photogramretric method.

As a control reference for the photo-
grammetric work a |-centineter grid was pl aced
on the nodel base. To assure that various
features of interest on the pipes would be
exactly identified on different photographs,
ordinary dotted line tape available in office
supply stores was w apped on the features to be
| ocated by photogrammetry. A | arge nunber of
phot ographs were taken with a Pentax canera.
Sel ected points on the |-centineter grid and
selected dots on the dotted line tape were then
neasured on a nonoconparator simlar to the one
shown in Figure 3.2. Use of the non-photogrametric
camera, however, created sonme unexpected difficulties
whi ch required special correction procedures to
account for large lens-induced distortions in the
i mgery of the negatives.

Poi nts neasured on the conparator were
“triangulated” in the same fashion as illustrated
in Figure 3.3. A separate conputer program

connected points to produce |ine draw ngs of pipes.
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As indicated earlier, this work was done
on an experinmental basis. No funding was in-
vol ved and, therefore, a conmttment to fully
investigate the potential of dinensioning nodels
in this way did not exist. Moreover, even if a
wor kabl e system were devel oped, UDC did not
bel i eve a marketable service wuld accrue to

t heir conpany.

5.2.4 BSRA Approxi nate Photogranmmetric Sol ution

In the early 1970's the British Ship
Research Association (BSRA) investigated an
appr oxi mat e photogranmetric nmethod for
digitizing pipe runs directly from neasurenents
made on two overl appi ng photographs of a

machi nery space m)del.1

The digitizing was
perfornmed on-line with a mni-conputer which

was programmed to cal cul ate pipe bendi ng
instructions . 2 A cat hode ray tube displayed

the path of a pipe run in isonetric view as it
was digitized. The only system accuracy reported
was 3% for depth dinensions (i.e. in a direction
to and from the observer) and even this appears

to be a one-standard deviation figure rather

than a tol erance.

1 see Abstract #25, Appendi x A

2See Abstract

#26, Appendi x A
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5.2.5

Hi t achi Rangi ng Devices

As a part of a joint effort with the Japan
Shi p’s Machi nery Devel opnent Associ ation, Hitachi
Shi pbui | di ng and Engi neering Conpany, Ltd. has
devel oped two prototype three dinensional ranging
systenms for the purpose of lifting three dinensional
coordi nates from desi gn nodel s of machi nery spaces.
One systemis acoustical while the other utilizes
| aser 1ight. Beyond this there is little available
detail, although, pictures of the two systens
have been published (see Abstract #20, Appendi x A).
Reportedly, 'both systens are being investigated
for their potential to tie dinensional information
inherent in the nodels to Hitachi’s conmputer systens
in order to automatically prepare outfitting data.

Refi nenents are necessary to achieve practicality.

5.3 Dinensioning Processes in Present-Day Use

5.3.1

Manual Take-Off

The nmost conmon net hod of di nensioning distri-
butive systens nodels is sinple manual neasurenent.
This procedure is used, for exanple, by Continental
Engi neeri ng, N.V.2 and (Qdense Steel Shipyards, Ltd?
In the case of the former organi zation, sone of the
spatial locations of pipe “events” are neasured and

recorded on tags attached to the nodel at these

| ocations during the course of building the nodel.

1C‘orrespondence with Y. Tomita, Hi tachi Shipbuilding and Engineering

Conpany, Ltd.

‘See Abstract #27, Appendix A The firmis now known as Kel |l ogg

Conti nent al ,

B. V. (Netherl ands).

3See Abstracts #17 and #18, Appendi x A
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In OQdense’s case it appears that all dinensions
are neasured only after the portion of the nodel
of interest is conpleted. I n both organizati ons,
t he di mensional data are eventually input to
conmputer prograns for preparation of fabrication
docunments, material lists, etc. I

5. 3.2 Vickers’ Optical Triangulation System

Vi ckers Shipbuilding Ltd. (U K') has inple-
mented a system called CODEM (Conputerized Design
from Engi neeri ng Model s). A major elenent of the
system is dual telescopic sighting system Each
of the two tel escopes may be noved along its own
hori zontal rail which forns an angle of 90 degrees
with the other. Each tel escope may be noved
i ndependently on its own vertical rail as well.

A distributive system nodel (or portion thereof)

is placed “inside” of the rails and piping “events”
such as nozzles, tees, branches, etc. are

si ghted, one-by-one, through the two tel escopes.
Spatial locations of the tel escopes are continuously
nmoni tored by digitizing equipnent attached to the
hori zontal and vertical rails. These |ocations
coupled with the pointing angles of the tel escopes
allow an on-line mni-conputer to calculate (i.e
triangul ate) the three dinensional |ocation of each
pi pe event. These three dinensional |ocations are

suppl enented by descriptive information which is

See Abstracts #17, #18, and #27, Appendix A
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manual |y typed at the mni-conputer’s keyboard
visual display unit. Eventually, all of the data
are processed on a larger conputer for the purpose
of generating isonetric drawi ngs, fabrication
instructions, bills of material, etc. Addi ti onal
details on CODEM may be found in Abstracts #18

(last two pages thereof) and #19, Appendix ’A

5.3.3 The Hitachi “Draft-Canera”

H tachi Shi pbuil di ng and Engi neeri ng Conpany
has i nplenented a phot ographi c system whi ch produces
a nearly true orthographic photograph. That is,

t he phot ograph does not contain the perspective

di stortions inherent in ordinary photographs (see
paragraph 5.2.1). The orthographic photograph is
produced by a canera whose lens renmains fixed while
the nodel in front of the lens and fil m behind the
| ens are noved at rel ative speeds which produce a

sharp negative. A narrow slit in front of the film

allows only the near-parallel incomng rays of |I|ight

to be imaged, resulting in a negative which has
virtually no perspective distortion. Because of the
narrow slit width it is necessary to scan the node
in a series of parallel “swaths” of equal w dth.
Hence, the entire negative is actually exposed over
a period of tinme which is in contrast to ordinary
phot ogr aphy wherein the negative is obtained
practically instantaneously with a single release

the shutter.

-40-
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Prints of the orthographic photographs are

| ater neasured by hand to extract dinensions in

1

the plan view These di nmensions plus ot her

descriptive information are prepared on registered
overlays to the negatives. A sanple of the final
product is shown in Figure 5.1. Additional in-

formation may be found in Abstract #20, Appendix A

11t is not known for certain how el evati on data are obtai ned. Si nce

t hey cannot be obtained from the orthographic photographs it is
beli eved that manual neasurenent of the nodel nust be the neans by

whi ch el evati ons are obtai ned.
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NEW CONCEPTS FOR PHOTOGRAMVETRI C DI MENSI ONI NG

6.1 Shortcomngs of Previous Efforts for Mechanized
D nmensi oni ng

From Chapter 5 it is clear that there is w despread
interest in nmechanized nethods for lifting dinensiona
data from design nodels of distributive systens. But, it
is also obvious from these sane discussions that the
majority of the investigations to date can be classified
as being “half-hearted” in the context of one or nore of
the follow ng:

*lack of a real commttnment (usually funding) wfullY
i nvestigate alternate nethods

*failure to address the total design process

resulting in a procedure or system which, at
best, only clunsily or partially interfaces
to other design functions

“lack of expertise (e.g. shipbuilders attenpting
to be photogranmetri sts)

Two exceptions to the above are Farrand’s photogranmetric
wor k (paragraph 5.2.2) and the Vickers CODEM optical triangu-
| ation system (paragraph 5.3.2). \Wile Farrand s process
may appear cunbersone by today’'s standards it was in fact
wel | designed considering the state-of-art of photogrammetry
in the early 1960’ s. Had the system been put into production
it would very |ikely have evolved from a graphi cal out put
type of systemto be digital one -- probably very nuch Iike
one to be proposed later in this Chapter. Farrand hinsel f
did envision this possibility.

As for the Vickers CODEM system this does seemto be
a viable one, although, additional developnent is needed to

directly interface the nmeasuring systemto the main conputer
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for greater flexibility and productivity. Nonet hel ess,
it is believed that systens to be described in subsequent
paragraphs will be far nore adaptable to the overall

shi pbui l ding process, provide greater flexibility and be

nore productive.

6.2 The Marriage of Design Modeling, Photogrametry and

Conputer-Aided Piping Design Systens

In Chapter 1 discussions centered upon design nodeling
as an alternative nethod for the design of distributive
systens in congested regions of ships. In Chapter 5 it was
seen that a nunber of attenpts have been nmade to nechanize
the takeoff of dinmensions from design nodels, wusually for
the purpose of inputting such data into sone form of
conputer program But, results of these attenpts have not
been entirely satisfactory. Al t hough photogrammetry has
been previously investigated (to sone extent) it has never
been properly applied to the task of dinensioning distri-

butive systens npdels. 1

Hence, photogrametry still remains
as a strong candidate for nechanizing the dinmensioning task.
In Chapter 4 conputer-aided piping design systens were
di scussed. Here it was seen that piping geonetry is a
fundanental input to such systens. 2 Hence, the output from

any nechani zed dinmensioning system should be in a form so

as to be readily accepted by conputer-aided design, systens.

'Except for Farrand’s work; see paragraphs 5.2.2 and 6. 1.

Except

for totally interactive design systens where the designer

need only start wth rough sketches. These systems are not yet
entirely perfected, however.
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FI GURE 6. 2: A Precision Photo granmetric

Caner a. This particular canmera can be
focussed over a wide range of distances

by the user. It accepts single franmes of

cut film or glass plates and is characterized
by its distortion-free |ens. Phot ogr aph  of
P31 Universal Terrestrial Canmera courtesy

of WIld Heerbrugg Instrunents, Inc.,

Farmi ngdal e, Long Island, New York.
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In summary, the path frominitial design via design
nodel s to the production of fabrication docunents can
conceivably be a snooth-flowi ng one w thout extensive
manual dinmensioning if photogrametry is inserted in the
pat h. The total process is illustrated in Figure 6.1.

6.3 The Photogrametric Canera

A wi de selection of photogranmetric caneras are
manuf actured for terrestrial (as opposed to aerial) work.
These were discussed in sone detail in Appendix B of
t he Photogramretry in Shipbuilding report (see footnote 1,
page 2). O the two basic types of camera configurations,
single canera and double or stereonetric caneras, the
singl e canera such as the one shown in Figure 6.2 is best
suited to the variety of neasurenent tasks which exist
within a shipyard. A single canera can perform all of
the functions of a dual canmera systemwi th the possible
exception of sinmultaneous exposure. of an object in m)tion.1

In the past, advantages of the double canera were
that the fixed relationship between the caneras all owed
sinmplification in taking photographs, reduced hardware
requirements for the stereoplotter and/or |ess conplicated
stereopl otter procedures. These advantages are not
particularly significant in view of the mni-conputer
ai ded photogrammetric digitizing systens to be suggested
in the next paragraph. Moreover, limtations of the double
canmeras, such as fixed distance between caneras and fixed
focus suggests that they are not well-suited for genera

use within shipyards.

1But, the shutters of sone double canera systens are not sufficiently
synchroni zed to permt this either.



6.4 Conceptual Phot ogrammetric Digitizing Systens

6.4.1 Functional Requi renents

Precisely what capabilities and flexibility
should be required of a photogrametric dinensioning
system are quite sinply considerations of ease of
i mpl erentation and, ultinmately, productivity.

Several of the system requirenments |listed below

could apply to other dinensioning systems as well.

a. the system and procedures should basically be
the sane regardless of whether the nodel is
true-to-scale or wire and disc

b. drastic changes in current nodel building
techni ques should not be required

c. specially built photogrametric hardware should
not be required

d. the canera nust have the ability to be focussed
over a range of photographic distances

e. extensive preparation of the nmpdel should not
be required

f. extrene care in-positioning the canera or the
nodel should not be required

g. black and white photographs should be used if it
is possible to do so without seriously affecting
productivity

h. gathering of raw data (i.e. taking photographs)
should be fast so as not to interfere with the
use of the nodel by designers, planners, etc.

digitizing from the photographs should be sinple
procedurally so that an expert photogrametri st
need not be enployed

j. the digitizing instrunment should not be significant
limted in photographic focal Ilength, allowable
base between canmera stations and lack of parallelism
between optical axes of adjacent photographs
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k. coordinate data produced by the system nust
be of sufficient accuracy so as to be
conpatible wth manufacturing and installation
needs

the data nust be formattable so as to be
conpatible wth existing conputer-aided pipe
detailing and fabrication prograns

m if possible, photogrammetric equipnent shoul d
al so be usable for other shipyard neasurenent
tasks such as dinensioning large steel units

6.4.2 A Stereoplotter/Mni-Conputer System

Paragraph 3.1.2 introduced the concept of the
stereoplotter which allows overlapping photographs
of a scene to be viewed stereoscopically so that
di rensi ons and/or graphic maps of the scene photo-
graphed may be produced. Stereoplotters such as
the one shown in Figure 3.1 are commonly fit wth
encoders to permt digital recording of XYZ coordinates.
While it is conceivable that such an instrunent
could serve as the “photogrammetric digitizer”
depicted in Figure 6.1, functional requirenents g
and h set forth in paragraph 6.3.1 would not be
entirely satisfied and requirement k would not be
satisfied at all.

An alternate stereoplotter which can satisfy
all of the functional requirenents is a conputer
controlled stereoplotter such as the one shown in
Fi gure 6. 3. As a practical matter this nodern
instrunent is very simlar to the one shown in
Figure 3.1 with the exception that many of the
nechani cal mechanisnms (which are really analog

conputers) of the older type instrunent are now



FIGURE 6.3:

A Stereoplotter/Mini-Computer Photogrammetric
Digitizing System. Though not shown, a
drafting table can also be connected to this
system. Photograph courtesy of Keuffel and
Esser Company, H. Dell Foster Operation,

San Antonio, Texas.
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6.

4.

3

handled by a nini-conputer. By its very presence
the mni-conputer allows greater flexibility in
uses of the stereoplotter. For exanple, the center
for a series of points nmeasured about a circular
arc on a pipe surface could be calculated on-line.
or, two lines representing pipe centerlines could
be extended to their intersection. Al so, the
instrunent can be used as a nonoconparator for the
purposes envisioned when establishing functional
requi rement k. Conput er-control | ed stereoplotters
are now comercially available from several

manuf acturers.

A Monoconparator/ M ni - Conputer System

I nasmuch as dinensions desired from design
nodels can be obtained from nmeasurenents to specific
points on the nodels, there is no real need to view
the photographs of the nodels stereoscopically. That
is, it would be totally sufficient to measure |ocations
of the points directly on two or nore photographs wth
a nonoconparator like the one shown in Figure 3.2.
Preferably the nonoconparator would be on-line with a
m ni -conmputer which could imediately triangulate the
three dinensional positions of the points as illustrated

in Figure 3.3.

6.4.4 Relative Merits of the Digitizing Systens

It is believed that either of the two digitizing
systens described in paragraphs 6.4.2 and 6.4.3 can
acconplish the task of extracting reliable dinmensions

from nodels of distributive systens. But, there are
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several differences between the systens which

nmust be eval uated. For conveni ence of di s-

cussion hereafter the stereoplotter/nini-conputer
digitizing system shall be referred to as the
“stereo systenf and the nonoconparator/mni-conputer
shall be referred to as the “nobno systent.

6.4.4.1 Preparation of Mdel

As pointed out in paragraph 6.4.3
use of the nopno system requires that
the inage of each specific point of
interest on the nodel nust be exactly
identified on two or nore photographs.
This was discussed even in nore general
terns in paragraph 3.1.3 where it was stated
further that placenent of targets upon
these points of interest is the preferred
neans by which this inmage identification
need is satisfied. Hence, it wll be a
requi rement that such targets be placed on
t he nodel . Herei nafter these shall be
referred to as “identification targets”.
In principle, the stereo system does
not require identification targets since
the matching of inmages of the sane point

is automatically acconplished when view ng

the photographs stereoscopically. But, as
a practical nmatter, sone identification
targets will be needed, especially on
outside surfaces of pipes. This is because

-53-



it will be necessary to reduce neasured

| ocations of points to their respective
centerlines. To do this the location of

a neasured point relative to its centerline
nmust be known. (A schene for acconplishing
this shall be described in paragraph 6.5.9.)
In summary then, the nobno and stereo systens
will both require identification targets --
neither system has an advantage over the
other in this particular respect.

When using the npbno system a second
type of target may also be required. Bef ore
the conputer can triangulate the |ocations
of identification targets it nust first
calculate the spatial orientation of one
phot ograph to another. This orientation is
determ ned by neasuring (on the nonoconparator)
a set of, say, a dozen target inages which
are comon anpong all photographs and well
distributed over the area covered by each
phot ogr aph. Hereinafter these shall be
referred to as “orientation targets”. Phy-
sically their need be no difference between

identification and orientation targets; only

their function differs. Hence, it 1is possible

in sonme instances that identification targets

can also serve as orientation targets.
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As inplied earlier, determnation of the
relative orientations of photographs when using
the stereo system does not require orientation
targets because matching of conmmon inmagery
between photographs is automatic when the photo-
graphs are viewed stereoscopically. But the
conputer does have to calculate the orientations
nonet hel ess. In the final analysis then, the
stereosystem has an advantage in that special
targets are never necessary for determ ning
relative orientations of photographs.

6.4.4.2 Aimng the Canera

Since the photographs are never viewed
stereoscopically in the nono system (only target
images are nmeasured on individual franes) there
is no need to exercise care in maintaining near
parallelism between optical axes of photograph
pairs. In fact, there nmay well be instances
where it will be desirable for viewing into the
nodel to have considerable convergence between
optical axes of successive photographs.

Mat hematically the stereo systens' mni-compute
can accomodate convergence of optical axes, but
the operator nust still be able to view stereo-
scopically with high accuracy. This stereoscopic
perception can be degraded wth increasing con-
vergence of optical axes. Hence, the freedom in
camera pointing allowed by the nono system is

considered to be an advantage of the npno system
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6.4.4.3

Measuri ng Speed

To address this consideration it is
necessary to describe the basic operational
procedures envisioned for both digitizing
systens once the negatives are in hand. |In
both nmodes of operation it is believed that
items to be digitized will first be narked up
on paper prints according to a predeterm ned
schene. This preparation work wll probably
consune sonewhat greater tinme for the nono
system since all prints would have to be narked
up because individual photographs are neasured
with this system Conversely, with the stereo
system only one photograph of a photo-pair needs
to be marked up.

As for the neasuring procedures, these are
markedly different for the two systemns. In the
mono system four to six photographs would be
set on the stage of the conparator at once, but
for the purpose of discussion let us assume four
frames . O these, two could be overlapping
phot ographs conprising an elevation view of the
nodel and the other two could conprise a plan
Vi ew. For nmaxi mum accuracy in determning the

| ocation of a neasured point in the nodel the ----

point should be nmeasured on both plan view

and both elevation view photographs. Measur e-
ments only on one or the other views wll Ilikely
result in a three dimensional location which is
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of high accuracy in the plane of the view in
which the neasurements were taken, but
relatively poor in a direction to and from the
caner a.

The reason for the inbalance in accuracy
lies in the need to take successive photographs
with a distance between canera stations that is
small relative to the distance from the canera
stations to the nodel. This in turn is
necessitated by the fact that w der separations
result in photographs which do not have nmany
points of interest conmon between them ow ng
to obscurations caused by the complexity of
the nodel detail. The net result of the short
baseli ne between caneras is that “rays”
triangulating a target intersect at a snall
angle which leaves the intersection with a
relatively high degree of wuncertainty in the
direction to and from the canera.

Because the picture taking process is the
same for both digitizing systens, this accuracy
i mbalance is comon to both digitizing systens,
but it is not caused by either system I nst ead,
the difficulty is inherent in the photographs.
As is probably already evident, neasurenments on,
say, a pipe in both plan and elevation views can
be acconplished with a single set-up of the
photographs in the nono system Wth the stereo

system however, only two photographs can be in
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the instrunent at any one tine. Once all
neasurenents are taken on points of interest
in, say, an elevation view, these photographs
would be replaced with the plan view photo-

gr aphs. Qoviously then, a new instrunent
set-up (probably about 20 minutes) is required
for each photograph-pair.

As for the neasurenents thenselves there
will typically be twice as many wth the
nmono system sinply because every point of
interest nust be neasured on at |east two
phot ogr aphs. Wth stereoscopic view ng of
the photographs only one neasurenent is needed
for each point of interest.

To summarize, the nono system wll require
nore preparation on the photographs and perhaps
as much as twice the nunber of measurenents as
the stereo system But, the stereo system
requires twice as many instrunent setups and
possibly nore if the nbno system can accommbdate
six photographs at a time rather than four. It
is doubtful that the npbno system can be as fast
as the stereo system but the real difference
may not be so unattractive as to rule out the
nono system as being productive. Experience is

needed to deternine actual speeds.



6.4.4. 4

Accuracy

Theoretically the nobno system is capable
of somewhat greater accuracy since a point’'s
imge may be nmeasured on nore than two photographs
and triangulated by as many rays as there are
nmeasur enents. Al so, the nmono system is not
dependent upon the operator’s visual acuity to
see and neasure stereoscopically. As a practical
matter though, it is not believed that the
difference in accuracy between the two systens
will be significant relative to the accuracy
required of the nmneasurenents.

At this point it is well to nention that
“required accuracy” is a value dictated by
pipe fabrication and on-board installation needs.
In the literature and anong shipbuilding personnel
there is a range of opinions as to what this
requi rement should be. At the nonent it is
believed that a tolerance on the order of *1/2 inch
on-board a ship is a practical requirenent.
Conversion of this figure to design nodels of
1:10 to 1:15 scale indicates that neasurenents
of such nodels should have a tolerance of about
X1 mm. In turn, dinmensioning nodels via photo-
grametry to this level of accuracy seems to be
well within the state-of-the-art for either the

nmono or stereo systens.
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6.4.4.5 QOperator

Skills

As indicated

the stereo system

oper at or

scopi cal |l y.

it is necessary for

digitizer

In contrast,

st ereoscopi c

to have

For

perception

t hroughout di scussions of

required that the

view two photographs at a time stereo-
accurate dinensioning work

the operator of the

st ereoscopi c perception.
the mono system does not require

at all since inmages

are neasured only on one photograph at a tinme.

Hence, the skil

oper at or

of

systens, though,

“or gani zed”

i ndi vi dual

requirenments for the
the mono system are | ower. In both
the operator nust be an

who can nethodically

keep track of his work.

6.4.4.6 Software Requirenents

Both of the digitizing systens under con-
sideration sinply produce XYZ coordinates of
poi nts. Cenerally speaking these points will
not be points which are desired for input to
a conputer-aided piping design system Thi s
is because these piping systens work with pipe
centerlines and pipe centerlines cannot be
directly “seen” and digitized photogrammetrically.
I nstead, photogrammetry produces coordinates of
points on pipe (or fitting) surfaces. It nust
al so be recognized that, because of the conplexity
of design nodels, it wll not generally be

possible to “see” a continuous pipe run as an
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unbroken series of events. These
peculiarities lead to the necessity for
the following basic but special conputer
program operations (which would likely
reside in the mni-conmputer of either
digitizing systen):
*identify pipe “events” such as start,
stop and intervening valves, bends,
tees, couplings, etc.
*conversion from the digitizing coordinate
system to the ship's coordinate system
*allow projection of digitized points on
surfaces of pipes and fittings to their
centerline values
*extend centerlines of pipes to inter-
section at bends
*col l ect segnments of the same pipe run into
a continuous run
*format each continuous run so as to be
directly acceptable to existing conputer-aided
pi ping design systens
Beyond the special conputer program
requi rements set forth above which are conmon
to both digitizing systens, the nbno system
requires additional wunique programming for
deternmination of the relative orientations of
the photographs as described in paragraph
6.4.4. 1. The stereo system requires a simlar

program but not a specially devel oped one --

the necessary progranming is delivered as a
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standard “part” of all comercially
avail able stereoplotter/mni conputer
digitizing systens.

In summary, both digitizing systens
require a nunber of data nanipulation
routines to convert raw digitized data into
| ogi cal pipe geonetry acceptable to a
conmputer-ai ded piping design system such as
RAPI D. The nono system requires additional
progranming to deternine the orientations
of the photographs with respect to one another.
Simlar programming is not required for the
stereo system since it is already devel oped
by the nmanufacturers of nmini-conputer controlled

stereoplotters.

6.4.4.7 Ability to Interface to Conputer-Aided Design

Syst ens

Since stereoplotter/mni-computer digitizing
systens are sold as hardware packages the inter-
face to a conputer-aided design system such as
RAPID would require a conputer-to-conmputer |ink.
This connection could be a hard-wired (i.e.
on-line) one or be indirect such as by transfer
of nmagnetic tape or disc cartridge.

The proposed nobno system is a marriage
between a nonoconparator and a mni-conputer,
both conponents being of separate manufacture.
But, it does seem feasible to interface the
nonoconparator directly to the nmini-conputer of

the RAPID system in lieu of a separate m ni-conputer
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of its own. Wiile this same possibility
theoretically exists for the stereo system
it is an unlikely one since the manufacturer’s
delivered conmputer programmng which operates
the stereoplotter digitizer is tied to one
brand of mni conmputer manufacture. Clearly
then, the nobno system offers greater flexibility
for stand-alone operation or direct tie into
a system such as RAPID.
6.4.4.8 First Cost

Table 6.1 itemizes estimated first costs
which are anticipated for the two proposed
phot ogramretric  systens. It is doubtful whether
any of the equipnment could be |eased from the
respective manufacturers.

TABLE 6.1

Estimated First Costs of Photogrammetric
Di nensi oni ng Systens

Cost ltem Mono System Stereo System
1. Caner a $ 20, 000 $ 20, 000
2. Monoconpar at or 35, 000" N A
3. Mni-conputer 30, 000° N/ A
4. St er eopl otter/ m ni - conput er N A 130, 000°
b. Pr ogr amm ng 30, 000 20, 000
$ 115, 000 $ 170,000
'Anticipated upper limt; allows for instrument which can accommpdate

the largest nunber of frames at one tine.

‘Cost could be reduced by two-thirds or nore if nonoconparator were
interfaced to mni-conputer of the conputer-aided piping design
system

‘Mnimm expected cost -- other available systens are npbre expensive
by as nuch as $100, 000.
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6.4.4.9 Suitability for Distributive Systens O her
t han Pi pi ng

If it were desired to digitize cable
trays and HVAC, digitizing procedures would
probably be the sanme as for piping. In fact,
the only basic difference between distributive
systens is that their cross sections and fittings
are different geonetrically. To the extent
that “parts” of other distributive systems are
standard, the relative nerits of the two
photogranmetric systens would be the sane as
al ready considered for piping. But, for
digitizing non-standard shapes, as are still
often used in rectangular vent ducts, the stereo
system would be the best suited of the two
digitizing systens.

6.4.4.10 Suitability for Oher Shipyard Wrk

As indicated in Section 1.1 several pro-
ductive shipbuilding applications of photo-
grametry have already been inplenented and
all of these involve dinensioning |arge steel
or alum num structures. Mor eover, the photo-
grametric technique enployed is identical in
all cases and is precisely that outlined in
paragraph 3.1.3 and illustrated in Figure 3.3.

'Even rectangular vent ducts are becinming nore standardized wth
an eye toward increased productivity and also conpatibility wth
conputerized parts catal ogues. For instance, see “Rectangular Vent

Duct Standards” published by the US. Mritime Adnministration in
cooperation wth Todd Shipyards Corporation.
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Since a nonoconparat or

t he photographs

the nono system is better

t asks. Ther e

system can be used for

(if operated
woul d be sl ower

reduction in

for

t hese ot her

is used

is no question that

in a nonoscopic node),

these applications

to nmeasure
applications,
suited to these

the stereo

t oo

but it

and with an estimated 20%

accuracy.

6.4.4.11 Sunmary of Relative Merits
Table 6.2 summarizes the relative nmerits
of the two proposed digitizing systemns. Ref er
to the referenced paragraphs for discussions of
the individual itenms of conparison.
TABLE 6.2
Summary of Relative Merits of Photogrammetric Digitizing Systens
Poi nt of Conparison Par agr aph Mbno System Stereo System
1. Preparation of nodel 6.4.4.1 | ess preparation
2. Aiming the canera 6.4.4.2 | ess care
required
3. Measuring speed 6.4.4.3 may be faster
4. Accuracy 6.4.4.4 no practical di fference
5. User skills 6.4.4.5 | ower
6. Software requirenents 6.4.4.6 | east
7. Ability to interface 6.4.4.7 nost flexible
to conputer-aided
design systenms
8. First cost 6.4.4.8 | east
9. Suitability for distri- 6.4.4.9 best for non-
butive systens other standard shapes
than piping
10. Suitability for other 6.4.4.10 best

shi pyard work
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6.5 Associated Moddel Building Techniques

In paragraph 6.4.1 it was stated that one functional
requirenment of any photogrammetric dinensioning system
should be that drastic changes in current nodel building
techni ques are not required. There are, however, a nunber
of nodel building procedures which nust be considered as

being desirable; these are discussed in the followng

sub- par agr aphs. Before proceeding wth these discussions
though, it is well to nention an obvious, but npbst inportant
poi nt. Wth any photographic work involving nodels it is

necessary that the photographs clearly show nopdeled detail
of the distributive systens. This basic requirenment holds
true regardless of whether photogrammetry is to be enployed.
Wth this in nmnd then, it wll be understood why many

of the nodel building techniques described below are
intended to aid the photographic aspects of photogrammetric
di nrensioning of distributive systems nodels.

6.5.1 Model Secti oni ng

1
The nodel nust be built on several nodel bases.

Divisions at mdships and bulkheads are |likely
boundaries for a nodel base, although, divisions
according to outfitting sections is certainly a
possibility. In fact, any convenient divisioning
is suitable; the intent being to allow better

photographic views into the interior of the total

nodel . Wthin a npdel base divisions at deck

| evels are also needed for the sane reasons. These
1
rMmodel base js a rigid table upon which a nodel or portion thereof

is constructed.
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5.2

sectionalizing procedures are conmmpbn practices
for European nodel builders and for domestic
buil ders of chemical plant nodels and the Iike.
Buil ders of ships distributive systens nodels,
however, have not generally sectionalized their
nodels to any great degree.

An aside benefit of sectionalizing is that
it allows freer access to the interior of the
nodel for initial design layout of the machinery
and distributive systens and then for photographic
and study purposes.

Mninmal Use of Plexiglas

A photographic view through Plexiglas results
in a geonetrically distorted inage on the negative.
While this is not of concern and perhaps not even
noticeable in pictorial work, it is detrinmental
to photogrametric di nensioning. Maxi mum use of
cut-outs in Plexiglas is a necessity and, wherever
possible, Plexiglas should be dispensed wth
al t oget her. For exanple, nuch of the outer hull
need not be shown on a nodel.

Here again, the reconmended nodel building
technique would also make the initial design work
easier since the nodel builder would have better
access to the interior of the nodel. It is
recogni zed, however, that nodified stiffening nay
be required to hold dinensional accuracy as the

use of Plexiglas is reduced.
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6.5.3 Renpvable Machinery Conponents

To facilitate photographic “access” to the
distributive systens it is desirable to wutilize
renovable machinery conponents -- particularly
for major nmachinery. 1 O course, renoval of
machi nery should be possible wthout disturbing

the geonetry of the remainder of the nodel.

6.5.4 Wre and Disc Presentation

Representation of piping by wire and disc
is preferred purely for photographic view ng
reasons. But, the trend in design nodeling seens
to be for true-to-scale piping. Because of this
trend , photogranmetric procedures to be devel oped
in Phase Il wll be nearly identical regardless of
whether wire and disc or true-to-scale piping is
utilized in the nodel.

6.5.5 Color Codi ng

Color coding of different piping systens seens
to be alnobst wuniversally adopted regardless of
whether wire and disc or true-to-scale piping
is enployed. The desirability of color coding is
nonet hel ess nentioned here if only to avoid a
possi ble nisconception which could arise from an
earlier statenment in paragraph 6.4.1 regarding
the use of black and white photographs. Even if
it is ultimtely deternined that black and white
phot ographs can be productively used in lieu of

col or photographs, color coding is still a desirable

This practice was found in one German firm see Abstract #15,
Appendi x A
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model building procedure. This is because
variations in colors wll register on black and
white negatives with difficult gray tones.
Moreover, it is envisioned that color snapshots
would also be taken to aid the photogramretric
wor K.
6.5.6 Tagging

Pl acement of tags on pipes, even though they
may be color coded, is a very desirable practice.
A tag is very sinply an adhesive |abel adhered to
a pipe. Hand lettering on the tag gives basic
i nformati on about the pipe such as dianeter, system
and flow direction. The use of tags seens to be
a standard procedure in U S. nodel building, except
within the shipbuilding industry. It should be
noted that tagging is useful for any photographic
documentati on program regardless of whether photo-
grmanetry is invol ved. Also, tags facilitate nodel
reviews by persons not intimately involved in its
construction.

6.5.7 Finishes

Fi ni shes of structural, nmachinery and piping
conponents of the nodel should not be highly re-
flective. Dull finishes are preferred inasmuch as
these reflect incident light in a diffuse manner
which reduces “glare” on the photographs.

6.5.8 Reference Marks

As a mnimum three reference marks of known

offset, elevation and Ilongitudinal position (e.g.
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frame |ocation) nust be attached to each nodel
section. These marks allow photogrametric
measurenments to be converted to the ship's
coordinate system It is possible, however, that
pl acement of the marks could occur just before
phot ographs are taken rather than during the

nodel building phase proper.

6.5.9 Circunferential Pipe Mrkings

In paragraph 6.4.4.1 it was indicated that
a special pipe marking scheme would be needed so
that coordinates of points dititized on surfaces
of pipes can be reduced to their centerline values.
It is envisioned that this scheme wll involve
fine painted or adhesive circunferential rings
with tick marks or dots at 45 degree intervals.
These rings or pipes with rings already upon them

would be oriented so that one tick mark would be

“

nom nal 'y up” on horizontal runs or nomnally
forward on vertical runs. The tick marks serve
two functions. First, for the nobno system they

allow identification of the sanme point on a pipe
on the wvarious individually neasured photographs.
Second, knowing the nomnal orientation of a tick
(e.g. to the port and 45 degrees below the
horizontal through the centerline of the pipe)

the correction necessary to reduce the digitized
three dinensional location of the tick to the
pipe’'s centerline is readily calculated if the

dianeter of the pipe or its scale representation
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i s known. This applies to both the npbno and

stereo systens.
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1. RECOMVENDATI ONS

7.1 Phase 11

7.1.1 General Reconmendat i ons

There is no question that start-up of Phase 1|
is warranted. From nunerous other attenpts at
nechani zing the dinensioning of design nodels (see
Chapter 5) it is clear that manual take-off of
dinmensions is not particularly favored. Mor eover ,
except for Farrand’'s work (see paragraphs 5.2.2 and
6.1) there has never been a concerted effort for
determining the real capability and productivity
of photogrammetry for this purpose. Finally, al
but one' of several other investigations into
nmechani zing the dinensional take-off have been
rather narrow in scope. The nmarriage of design
nodel i ng, photogrammetry and conputer-aided piping
design systens as proposed herein considers the total
pi ping design process.

7.1.2 Nbdel Bui | di ng

To support devel opnent of photogrametric
di nensioning procedures in Phase Il it wll be
necessary to have access to and photograph a design
nodel . Because special nodel building techniques
are gernmane to the overall dinensioning process
(see paragraph 6.5) it is reconmmended that a design
nodel be specifically built for this project. It
is not necessary, however, that a total nodel be
construct ed. Instead, three or four adjacent nodel
sections conplete unto thenselves are all that is

'‘See paragraph 5. 3.2.
-73-



required. A true-to-scale representation of

piping is recomended since this nethod of nodel

building is nore predominate than wire and disc.'
Four potential suppliers of nodel building

expertise were visited during the course of Phase |

in anticipation of the need for having a nodel

built in Phase Il and also to gain further insight

into design nodeling in general. The four firns

visited were:

*Of fshore Power Systens (Jacksonville, Florida)

*Sun Shipbuilding and Dry Dock Conpany (Chester,
Pennsyl vani a)

*United Scale Mdels, Inc. (Concordville,
Pennsyl vani a)

*J. J. Henry Conpany (Moorestown, New Jersey)

O the four firms visited Ofshore Power
Systens (“OPS’) is the npbst |ogical choice for
obtai ning nodel building expertise within Phase II.

The nost significant reasons for this choice are:

*OPS extensively utilizes nodeling for the
design of their floating nuclear power plants. 3
However, OPS use of design nodels is conbined
to sone extent with traditional design
procedures (e.g. conpositing in sone cases)
resulting in a process which is acknow edged to
be redundant to sone extent. Al so, dinensional
information inherent in their nodels is extracted
by means of draftsmen preparing dinensioned
ort hographic sketches at the nodel. OPS is very
interested in streamining their use of design
nodel s, particularly with respect to elimnating
these two processes to the naxi num possible extent.

‘But, also see paragraph 6.5.4.

‘Bechtel Power Corporation (San Francisco) was also visited, but only
for the purpose of gathering first-hand information on design
nodeling in an industry other than shipbuilding.

‘See Abstract #13, Appendix A
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*OPS has recently installed an interactive

drafting system and, at present, nanually
enters dinensions from the orthographic
sketches into the drafting system OPS

views photogranmetry as a possibility for
inputting such data directly from photographs
of their nodels.

*OPS has expressed. an earnest desire to be

involved in Phase Il, even to the extent
of cost sharing a nodel building effort.

*OPS has several areas of a floating nuclear
power plant which nmust yet be subjected to
design nodeling. OPS is willing to allow
these areas to also be utilized for Phase II
of this project, provided that the areas are
deened sufficiently representative of conplex
piping found in congested areas of nerchant
shi ps.

*OPS' present work load is such that partici-
pation in Phase |l can be undertaken w thout
interference to OPS production design work
or undue delays in the perfornmance of Phase I1.

It is recomended further that a neeting be
held between JFK, L. D. Chirillo of Todd Pacific

Shi pyards and representatives of OPS for the

purpose of establishing specific nopdel sections

to be built and how JFK and OPS should interface.

Such a neeting will allow OPS to assess | abor

and material costs involved and, together wth

JFK, allow planning of a production schedule.

.1.3 Photogrametry

There are three aspects of the photogramretric
work to be considered. First, there is the
picture taking for which appropriate equipnent is
already within JFK's inventory. It is recomended

that black and white photographs in particular be
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evaluated with respect to their suitability for
phot ogramretric di nensi oni ng. It is believed
that the use of color photographs in a production
environment wll introduce the undesirable re-
quirenent for a color processing capability.
Moreover, color processing is nore time consunng
and expensive. However, JFK is equipped for color
work should it be determined that black and white
photographs are not entirely satisfactory. In
any event it is recommended that color snapshots
al ways be taken as further docunentation and as
an aid to interpretation of black and white
phot ogr aphs.

The second aspect of the photogrametric work
is the digitizing effort. Here it nust be enphasized
that it is beyond the scope of Phase |l to produce
a totally operational nobno or stereo system
conplete with the special conmputer routines described
in paragraph 6.4.4.6. For the purpose of denon-
stration then, it wll be necessary to utilize
some existing equiprment and software and to wite
some basic new prograns which together wll produce
output data in the form required by RAPID. Thi s
makeshift node of operation will parallel, as closely
as possible, the anticipated procedures outlined in
par agraph 6. 4. The major difference wll be that
some processing of data which would preferably be
done on-line with the mni-conputer of either

photogranmetric digitizing system wll probably be
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done off-line; i.e. in a separate step(s) on a
st and-al one computer. It is recomended that
both the npbno and stereo systens be eval uated
in this way during Phase I1I.

7.1.4 Conputer-Ai ded Pi pi ng Design System

It is obvious from paragraph 4.2, for reasons
stated therein, that output from the photogramretric
work should be nmde conpatible with the Newport News
RAPI D system Newport News has informally indicated
their willingness to cooperate in Phase Il of this
proj ect. It is reconmended that following the proposed
neeting with OPS, JFK and L. D. Chirillo of Todd
Pacific Shipyards Corp. nmeet wth representatives of
Newport News to define the level of effort required
on the part of Newport News and an approximte schedul e,

7.2 Oher Resear ch

A disturbing conclusion reached early in Phase | is
that the U S. shipbuilding industry possesses very little
know edge of design nodeling as an alternate to traditional
desi gn processes. As nentioned elsewhere, foreign ship-
buil ders have productively inplenented the nethod as have
many U S. firns engaged in the design of petro-chem cal
plants and the IiKke.

Nowhere in the course of a very extensive literature
search was it found that design nodeling had been investi-

gated or utilized within the U S. shipbuilding industry’

'Subsequent to a visit to Sun Shipbuilding and Dry Dock Conpany it was
learned that Sun decided to utilize design nodeling for the |ayout of
on-deck nachinery and piping of two product carriers. Reportedly,
Sun’s desire to redesign an original |ayout conbined with a very short
design and building schedule led to the decision to use the design
nodel appr oach.

-77-



But, several references to the use of npbdels in
the context of design were found and these generally
were unfavorable with respect to the useful ness of
nodels in the design phase of shipbuilding. The nmanner
in which these conments were nade would |eave the
casual reader with a definite inmpression that nodels
in design work were not productive (usually the conplaint
was that they are finished too late in the production
cycl e). Only the careful reader would see, however,
that these discussions were not in reference to design
nodel s. I nstead, the subject was wusually interference
control wherein nodel building followed traditiona
desi gn. This is not the case with design nodeling
where there is no traditional design process. 1 The
nodel is the design and interference control is an
automatic by-product as the npdel building progresses.
Upon the above observations it is believed that a
separate project should be funded for the purpose of
introducing design nodeling to the U S. shipbuilding

i ndustry.

Las enphasi zed in Chapter 2, design nodeling is viewed as being
productive in congested areas of a ship. Traditional design
procedures would normally be followed in non-congested areas.
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Abstracts contained herein are not those
of the original authors. I nstead, these abstracts
were specially prepared for this report in order to
pl ace greater enphasis on content deened pertinent
to this project. To sone extent, however, styles of
the original authors have been retained.

Abstracts #3 through #10 are for general articles
on design nodeling whereas #11 through #21 are nore
pertinent to the shipbuilding industry per se.
Abstracts #17 and #18 should be of particular interest
because they describe a very sophisticated design

nodeling system used by Odense Steel Shipyards, Ltd.
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ABSTRACT 1

“Phot ogrammetry in Shipbuilding”, report published by the U S
Departnent of Comerce Mritine Admnistration and Todd Ship-
yards Corporation in GConjunction wth the National Shipbuilding

Research Program July 1976.

A survey of potential applications of photogrametry

in shipbuilding, ranging from design to post-delivery,
is supported by detailed accounts of four actual
denmonstration  projects. Appendi ces provide a glossary
of photogrammetric ternms, a layman’'s explanation of
photogranmetry and exhaustive conpilations of pertinent
literature and sources of photogrammetric hardware and

servi ces.

Once of the denonstrated applications established the
technical feasibility for generating dinensioned
arrangenent drawi ngs from photographs of a design

nodel . A series of stereopairs of photographs, view ng
from inboard to outboard, were taken of a portion of

the starboard side of, 3/4" = 1" machinery space nodel.
A single frame glass plate canmera was used to obtain

all  phot ographs. Wthin the region photographed, a
3/8 = 1" elevation view of the main steam piping was
produced on a stereoplotter. Fi xed machinery was shown
in phantom This drawing was then placed upon a digitizing
board to obtain dinmensions from deckheads and bul kheads
to pipe centerlines. A check of 20 such dinensions

agai nst design values showed average and naximm

differences of 1-1/8 inch and 2-5/8 inch at the scale



of t he ship. These values, however, included error in
the nodel itself since the nodel was built from a

design produced first on paper. (In design nodeling
this source of error would not be present.) Wile the
graphical presentation of piping served the imediate
purpose of the denonstration, it was concluded that a
digital “take off” from the photographs should be
preferred in order to be conpatible with other autonated
piping systens and to allow drawing of arrangenents,

conposites, isonetrics and pipe details at wll.



ABSTRACT 2

“Use of Scale Mdels as a Minagenent Tool”, report published
by the US. Departnent of Commerce Maritine Admnistration and
Todd Shipyards’ Corporation in conjunction with the National

Shi pbui l ding Research Program May 1974.

This rather broad overview of the use of nodels in
shi pbuilding covers types of npdels, benefits
accrued through the use of npdels, nodel building
met hods, costs of building nbdels and a list of

references and nodel building vendors.




" ABSTRACT 3

Procedure Manual", published by Engineering Model

Associates, Inc., first edition, 1976.

This nmanual covers basics of inplenenting an

engi neering nodel program Al though it is

directed mainly to the chenmical and petro-

chem cal process industries, nany fundanentals
covered are applicable to shipbuilding as well.

These include, advantages and cost-effectiveness
nodel i ng, discussions of nodel types, nodel

facility and equipnent requirenents, personnel

consi derations, estimation of nodel costs and

nodel speci ficati ons. I ndi vidual chapters are
devoted to specific nodel types such as prelimnnary/
study nodels and design nodels with the latter being
considered for full scale and for centerline pre-
sentation of piping systens. A brief treatnent of
nodel ing instrunentation, electrical and HVAC is also
i ncl uded. Consideration is as given to such topics
as checking nodels, nodel review sessions, nodel

finalization, photography and crating and shipping.



ABSTRACT 4

“Centerline Mddel Piping” by John P. Elich, Flour Corporation,
published in the proceedings of the Anerican Engineering Mde

Society 1971 Semi nar.

Flour Corporation uses centerline piping nodels of 95% of their
proj ect s. However, full scale nodel piping is used for large
di ameter and alloy piping. Advantages attributed to the centerline
net hod are:
*less nodel building skill is required of piping
engi neers and designers who run piping on the
nodel, without the aid of sketches or paper |ayouts
*power tools are not required for nodel building and,
therefore, job accidents and insurance premuns are
mninzed as are distractions inevitably created by
the noise generated such tools
*revisions are readily inplemented and generate |ess
frustrations in nodel building personne
*training of wre bending technicians is relatively

si npl e

*ease of installation of piping (relative to full

scale nodeling) leads to reduced |abor costs and
cal endar days for conpletion of the nodel; this
has been confirnmed by several in-house studies over

a 20-year period
*material costs are about one-third of that for ful

scal e nodeling

*extra light is permtted to enter the nodel which allows
the viewer greater depth and detail either from direct
visual inspection or by nmeans of photographs

*the client is able to access single itenms nore readily
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ABSTRACT 5

Scal e Model Piping" by Howard H Kaplan Chenical

Construction

Corporation, published in the proceedings of the American Engineering

Model Society 1971 Seninar.

Chem cal Construction Corporation typically utilizes a nopdel scale

of 3/8" = 1'". The piping designer runs piping directly on the

nodel using the engineering flow sheets as the source of information.

In doing this with full scale piping he can truly anticipate |
spatial requirenments and points of initial support. The full scale

offers the following additional advantages:

*representation of piping as a proportion scale
item enables the piping isonetrician to better
visualize and detail the pipe

*more information can be put directly on the
piping in the form of adhesive tags

*points of field welds can also be indicated

*cl earances between pipes and pipes to

equi pnrent and pipe to steel are portrayed

nore accurately

*of fice personnel who seldom have the opportunity
visit a conpleted plant can truly visualize the
full scope and magnitude of the size and space
required by each item of equipnent, piping,
structures, instrumentation and electrical
facilities

*pby limting color coding, materials inventory
can be held down so as to make the nethod
conpetitive with the centerline nethod from

a nodel building cost point of view

A-11
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*time saved in installation and checking clearances,
however, nore than offsets the materials cost differential

*client relationships are greatly enhanced by the true
proportion presentation

*operator training is best facilitated by the full scale

nmodel



ABSTRACT 6

"Problens of Starting aPiping Design Mdel Progrant by
W R Burns, The Badger Conpany, Inc., published in the
proceedi ngs of the American Engineering Mdel Society
1972 Semi nar .

Oiginal utilization of nodels was via of sub-
contract wherein the nodels were constructed

at the nodel -makers facility from sketches
devel oped from ongoi ng detail ed piping studies
bei ng performed on paper. Upon its conpletion
t he nodel was noved to the job-site. It was
eventual ly realized that maxi mum benefits from
nodel i ng woul d be achieved only when the design
itself was worked out on the nodel. Hence, an
i n-house desi gn nodel program was initiated.

I mportant start-up considerations, based upon
the first three years experience, are presented

in detail.




ABSTRACT 7

“A Mdel Program in the Paper Industry” by E. Wlker and
L. Tiger, Rust Engineering Conpany, published in the
proceedings of the Anerican Engineering Model Society 1977
Seni nar.
Steps toward setting up the facility, personnel
and procedures for the use of design nodeling and
conputer drawn isonetrics are described. For Rust’'s
first project in which conputer drawn isonetrics

were used, their nmodel tags were designed to contain

all of the information necessary to draw an isonetric.
Separately, a valve book, instrument book and a
nozzel information book were kept. These books

contained coordinate locations, elevations, face-to-face

di rensions and other details needed to prepare the

i sometrics. After each |ine was checked by the piping
section, the isonetric of the line was prepared. First,
it was sketched using short codes. These codes were

then input to a conputer validation program which
tested for dinmensional <closure and specification
accuracy. After checking results of the validation
program the data were then reprocessed for final
plotting of the isonetric and preparation of the bill

of nmaterial s.



ABSTRACT 8

"Use of Mddels on Small Projects” by R E Mller, Jr.
The Proctor and Ganble Conpany, published in the proceedings
of the American Engineering Mdel Society 1971 Sem nar.

Models are first introduced to a project at the project

definition stage to allow engineers to develop their design

i ntents. These nodels are typically at scales of 1/4" to
/2" = 1'. Various alternatives studied by the engineers
are recorded with the use of snapshots. Once the nost favorable

alternate is selected, a prelinnary equipnent arrangenent nodel
is built to a scale of 3/8" or /2" = 1". In this nodel con-
siderations are given to |ocation of equipnent, sanitary or

clean design, access to equipment, routing of major piping,

| ocation of |adders, platfornms, etc., safety and mmjor electrical
and instrunent | ocations. Again, alternates are docunmented wth
shapshot s.

Once the final version of prelimnary equipnent arrangenent nodel
is established, designs which are not nodeled are drawn up.

These drawings typically include tanks, pressure vessels,
structure, architecture and wring. When these drawi ngs are about
80% conplete construction of a 3/4" = 1 engineering nodel commences.
Equi prrent is nodeled from inquiry drawi ngs, catalogue information
or vendor's drawings if available. Locations of equipnment are
taken from the structural drawings or the prelimnary nodel if a
given piece required no structural considerations. The structure
is also nmade from drawings and the nodel is sectionalized so that
it my be split apart at each floor Ievel. Gid lines are
established for referencing dinensions on the nodel and on the job.
At this tine an equipnment work sheet is drawn up for the purpose

of docunenting grid-referenced dinmensions of the equipnent.
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Piping design is perforned directly on the nobdel using true

scale and color coding techniques. The designer first studies
a given line on a flow sheet to gain an understanding of itens
such as valves, instrunmentation, pressure indicators, mat eri al
speci ficati ons, drains, insulation, etc. to be considered. Al so,

he checks the piping specifications to deternine allowed fittings
and face-to-face dinmensions of valves and in-line instrunments along
with their specification and other special requirenents. It is
estimated that this research ampunts to 15 to 20 ninutes for each
line designed. As the line is fit into the npodel no sketching is
perforned unless instances of very close fit-ups are encountered.
However, tagging is performed concurrently. Data such as pipe
size, nunber, centerline elevation and grid locations are shown

on the tag. El ectrical power conduit is routed after the piping
and with few or no studies perforned in advance on paper. However,
el ectrical technicians have followed progress of the piping design
maki ng suggestions as to areas which should be reserved for

el ectri cal condui t.

Fornmerly, the conpany constructed their nodels wth horizontal and

vertical sectioning suited for photography with a “parallax free”

camera which produced scalable photo-drawi ngs. But, field forces
advised of little need for these inasnmuch as the nodel itself is
placed on the job-site. Moreover, sections of the nodel are put

at various locations on the job.

Upon conpletion of the nodeling phase the nopdel designer prepares
a freehand isonetric for each pipeline. Al pipe above 1"
dianeter are conpletely dinmensioned so that they nay be prefabricated

in the shop. These sketches instruct the pipe fabricator as to
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size of pipe, type of material, type of fittings, cut |engths,
orientations of valves, flow direction and |ocation of the
line. Fractional adding nachines and programable desk top

conputers are used to aid in developing dinmensional data including

cutting lengths for bends, lengths of offset pipes and triangulation
pr obl ens. As these sketches are made the nodel is further tagged
to show locations of hangers and field welds. The nodel and

i sometrics are then shipped to the job-site.
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ABSTRACT 9

“Model Information Systens and Procedures”, paper presented to
1972 Seminar of the Anerican Engineering Mdel Society by

Louis WIllstein, The Lunmus Conpany.

Lumus' use of prelimnary and design nodels has
progressed to the point where piping design is
performed directly on plastic nodels. A final
nodel along wth conputer generated isonetric

drawi ngs are delivered as the engineering piping
package. To link information inherent in the
nodel with the conputer programs, a detailed

nodel tagging system is utilized. A person
preparing input to the conputer prograns only
requires about four days of training. Aside from
general job instructions his source docunents
consist only of a master isonmetric index sheet,

a table of tenperature and insulation requirenents
and a set of flow diagrans. Al other data are

read directly from the nodel tags.

A Lummus-devel oped program package designated as

PICS (Piping |Isonetric Conputer System) incorporates

a “spec mmster” which the conputer refers to for

details of standard pipes and parts. It also includes

a capability to break a plant down into separate

process or geographical areas. Along with isonetric

drawi ngs, piping bills of material and a node and segnent

table are produced.
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ABSTRACT 10

“How Mbdels Pay Of” by Norbert J. Reder, The Proctor and Ganble
Conpany, published in the proceedings of the Anerican Engineering
Model Society 1973 Seni nar

Estimates of actual dollar savings through the use
of design nodels are presented for chem cal process
pl ants. Reductions in design engineering costs can
be as high as 40% Field engineering costs can be
reduced by as nmuch as 2.5% of the total construction
cost.
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ABSTRACT 11

“The use of Mdels in the Shipbuilding Industry” by Ronald A
Phillips, Marine Services and Systens, Canadian Vickers Ltd.,
published in the proceedings of the Anerican Engineering

Model Society 1972 Sem nar

The history of the firms nmarine design drafting

organi zation is prefaced by the statenent that

while nodels are ideal for nmany purposes, they

are not “the conplete answer on the total ship

concept and we have to revert to other control

nmet hods”. (Primarily, naval shipbuilding is being
addr essed.) An in-house nmster conposite service
elimnates the need for nodeling the entire vessel.
These conposites are |ikened to nodel-nmaking since
they perform the sanme functions. But, nodels are

built for areas containing vast equiprment and

systens where nmintenance or habitability considerations,
for exanple, are paranount. Such nmodels are devel oped

in parallel wth the conposites.

Model s occasionally devel oped include:
*di splay node
*anchor storage nodel
*hal f bl ock node
*danage control node

*machi nery space nodel



Di scussion of machinery space nodels includes details of
setting up an in-house program for a specific naval

war shi p. Modul ari zation of the nodel and the nodel
erection sequence are discussed, as are benefits which
are believed to have accrued from the nodel. The nodel
was ultimately delivered to the |ead shipyard. It is
advocated, however, that a less exotic nodel be utilized

for comercial vessels.

In a summarizing list of benefits it is said:
“If one picture is worth a thousand words,

one nodel is worth a thousand pictures”.
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ABSTRACT 12

“second Generation Mdels for Deep-Water G| Production

Pl at forms” by Dereck Ward, Wrley Engineering Ltd., published
in the proceedings of the Anmerican Engineering WMdel Society

1975 Seni nar.

A description of Mbile Ql’'s “Condeep”

platforms built for drilling in the North Sea is
concluded with a statenment that . . . “the nodels
were expensive pieces of engineering too, in their

own way, but the cost was justified many tinmes over.’

Models built included a small-scale npdel of the

conplete structure and a 3/8" = 1" nodel of the
platform deck and a 1/4" = 1' nodel of the utility
shaft.

The platform nodel included full bore piping
and full details of structural sections, cableracks

and other equipnent so that design personnel could check
operational and nmintenance clearances. Even the
cranes were nmodeled to ensure there would be no
cranage problens. The entire nodel was sonme 7.5 feet
square by 6 feet high.

The nodel of the utility shaft was actually built
at a scale smaller than desirable for engineering

purposes but size considerations were overwhel m ng.

Even at the 1/4” = 1' scale, the nodel was over 7 feet
tall. In addition to housing heavy equipnent such as
bal l ast punmps, there are firewater punps, oil transfer

punps and ballast storage tanks at five different |evels.

The shaft also contains an elevator and each floor is



fitted with a large hatch to allow transfer of equipnent
through its entire I|ength. And finally, the shaft carries
all services, risers and instrunmentation. Al of these
items were nodel ed.

The three dinensional conplexity and physical
restrictions involved were such that both nodels allowed
the designers to work out problens which could not have
been solved on paper. The two nodels allow their own
design to proceed and at the sanme tinme proved essential
for concluding the interface between the shaft and the
pl at f orm Paperwork generally followed developnent of
t he nodel s. Construction was only one step ahead of the
nodels and as each unit of a nodel was conpleted it was
shipped to the construction site where it was studied

by planning, fabrication and erection engineers.
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ABSTRACT 13

“Foating Nuclear Power Plants -- A New Approach to Energy
Generation” by Vito Riggi and P. Ross Ransay, Ofshore Power
Systens, published in the proceedings of the Anerican Engineering

Model Society 1977 Sem nar.

The history and concept of floating nuclear power
plants are treated in considerable detail. These
plants are particularly wunique in their construction

in that conventional shore-side and shipbuilding
technology are necessarily nmarried. Three types of
nodels are used extensively for design functions.
Prelimnary nodels are used to optinze equipnent

| ayouts through the use of alternate studies, |ong
before vendor drawings are available. Study nodels

are built with the aid of designers and engineers for
areas congested with HVAC, cable trays and piping.

Equi prent is nade of styrofoam since the primry
function of a study nodel is the devel opnment of systens
and the envelope of space which the equipnment occupies.
The nodels are built in renovable sections to permt
sections to be brought to an individual’'s work station

where he may nmodel his system and develop prelimnary

dr awi ngs.
The final detail nmodel is built only by professional
nmodel makers. The floating platform which supports a

power plant is made of clear plexiglas to nmintain
maxi nrum visibility inasnuch as nmany distributive
systens are contained within the platform The platform

is also nodularized with renovable conpartnments for
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ease of handling and accessibility. A total of 44 nodel
tables are needed to nmake up the entire platform which

is sone 17 feet square.
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ABSTRACT 14

“Piping Layout Rationalism by Means of Design Mdels”, by
Peter Kayser, (in German) published in Hansa-Schiffahrt-

Schi f f bau-Hafen No. 24, Decenber 1967.

A goal of shipbuilding design offices nust be
to sinply and quickly produce piping systens design
docunent s. Demands on the quality of the office
workers should not be exceedingly high but the docunents
nmust be conplete and easy to understand. This goal
has been achieved over the past 10 years in the design
of land-based chemical and oil plants with the aid of
desi gn nodel s. Application of this technology in
shipbuilding is described and is based upon experiences
of shipyards of different sizes building different types
of shi ps.

The process of design nmodeling within a shipyard
starts with the hull draw ngs. From these npdels are
built of those portions of the ship corresponding to
areas where piping is to be designed by nodeling. A
structural nodel is typically made of plexiglass,
can be taken apart at several places, does not include
the outer hull, is at a scale of 1:10 to 1:20 and built
with an accuracy of —2mm. Three to six weeks are
required to build the structural nodel of a machinery
space. In parallel with this effort, nodels of
machinery and instrunents are also constructed, often-

times out of styrofoam



Machinery and instrunents are initially installed
in the structural nodel according to the diagrammtic
dr awi ngs. (Revisions are nmade as seen necessary as the
pi ping design progresses.) From this point all cable
runs, stairs and galleries can be visualized. Layout
of piping is perforned with plastic pipes and commercially
avail able parts. I deas of the design engineers are readily
i ncorporated, resulting in shorter runs of pipe and fewer
curved pieces. A by-product of designing in this way is
that interferences are automatically elimnated. Al so,
di scussions with custoners and regulatory agencies are
greatly facilitated; requests for changes are brought out
in a tinmely nmanner.

Wiile pipes are being installed in the nodel,isonetric

sketches are prepared by hand. Al though these are not to
scale all dinmensions are shown. A conmplete parts |ist

is included on each sketch. Any other drawing can be
constructed, if necessary, from these isonetrics. 1In

addition to the wusual isonetrics, workshops are also presented
with the nodel itself as it is needed. However, pre-
fabrication of piping conmences well before the nodel is

conpl et e. Pre-fabrication conmences as soon as isonetrics

are drawn for piping design solidified early in the nodel
bui Il ding process. Up to 2/3 of all piping can be pre-

fabricated based on the isonmetric sketches.
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Movenent of the nodel anbng the various workshops
is mnimzed to sonme extent through the use of color
phot ographs (piping systens are color coded). Phot o-
graphs are also used for initial orientation during
installation of pipes. In sonme instances it is possible
to use photographs, annotated w th dinensions, to serve
as guides for the workshops in lieu of the usual pipe
pl ans.

| npl enentation of design nmodeling should be done
gradual | y. Design engineers nust be encouraged to
work primarily on the nmodel rather than on the draw ng
boar d. Shop personnel nmust work with conplete draw ngs
and not incorporate changes w thout first contacting the
desi gners. Prefabrication should not be in too great
a proportion initially. To facilitate transition to
design nodeling it is sonetines helpful to generate
traditional arrangement drawings -- which can be done
quite rapidly from the isonetrics. It is also advisable
to initially allow sone workshop personnel to participate
in building of a nodel.

Uilization of design nodeling leads to better
preparation in the design offices and workshops, thereby

|l eading to reduced shipbuilding costs.



ABSTRACT 15

"From Construction Mdel to Practice" by Mschinenbau Gabler
G mb.H , February 1970.

The construction nodel is built of plexiglass at a scale
of 1:5, 1:10, 1:20 or 1:25 depending on budgeted nodel building
costs. To facilitate installation of pipelines, ventilators,
exhaust pipes, etc., the nodel is built in several nmain divisions.

Typically these divisions are midships, at bulkheads and along
deck Ievels. Care is taken to assure true scale is maintained
when these sections are assenbled together or disassenbled.

When the nmain position of a ship's piping is' confined to a
relative small area of the ship, it may suffice to nodel only

that portion of the ship. If the ship is to be built in pre-
outfitted blocks, the nodel is planned accordingly and machinery
is installed so as to lie conpletely within blocks and the blocks
are made to be renovable from the nodel. Such renovabl e bl ocks
and their use by the pipe shop and fitters may elimnate the need
for isonetric draw ngs. Connection of pipes across block
boundaries is by neans of "nade-to-place" pieces.

Before distributive systems can be installed in a nodel it
is necessary to build the structural nodel first. This is done
typically with the aid of hull draw ngs. Model s of nmachinery,
|arge valves, etc. are also built from conventional draw ngs.
Machinery is installed in the nbdel according to existing

machi nery arrangenent plans or wthout such plans if none are

prepared in advance. In the latter case tenporary seatings are

used so as to allow nminor adjustnments when the distributive systens

are installed. Ventilation ducts, cable ways, etc. which may
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define “outer limts” for piping are installed next. Pi pes,
stairs, gratings, etc. are the last items to be installed in
t he nodel . O these, pipes “under floor” are typically in-
stalled first just as they would be onboard the shinp.

Pipes are installed on the nodel sinply from the diagramatic
pl ans. The piping designer installs the pipes in collaboration
with (typically) two nodel builders. Preferably nodel builders
are or were nenbers of the workshop force as this background work
experience will allow shipyard procedures to influence the nodel.
This is particularly true where considerable pre-outfitting is
enpl oyed.

The pipes and fittings such as elbows, branches, reducers,
val ves, drains, etc. are obtained from an outside vendor
specializing in such scale nopdel conponents. The availability
of ten colors allows each distributive system to be shown in a
different color. Pipes are bent using a hot-air apparatus.

Tol erances naintained when installing nachinery and piping are
typically 50 mm and 20 mm on board the ship. These tol erances
are relative neaning, for exanple, from pipe-to-pipe. Once a
pipe is installed it is immediately tagged with an adhesive

| abel bearing an identification nunber which corresponds to the
flow diagram Any pipe piece connecting to a fixed item such as
an engine, punp or the hull is specially designated as
“made-to-place” on the nodel and on all draw ngs. This is also
the case for connections across pre-outfitted bl ocks.

One isonetric draftsman usually works with the nodel builders
to prepare an unscaled isonetric of each line after it is installed.

Measurenents of a line are taken with a flexible steel rule.

A- 30



These neasurenents include lengths of straight runs (to tangents
where bends are involved), | ocations of all fittings along the

pipe and dinensions relative to structure and/or the ship's

coordi nate system These “on-line” isonetrics along wth
inscribed or attached material Ilists should contain sufficient
data to allow preparation of pipe shop draw ngs. An alternate

form of isonetric presentation is according to blocks of space.

Compl etion of all work on the nodel should be generally
conplete before the first pipes are installed on the ship. At
this time the nodel should be nade available to outfitting
supervisors and fitters for the purpose of self-instruction.
The nodel along with isonetric drawings are sufficient for
proceeding with onboard installation. Phot ographs of the nodel
are also sonetines used but these are useful only if taken at
vari ous phases of the nopdel construction. If appropriate,
sectional views are taken wth obscuring nachinery renoved.

The remainder of this docunent treats mnmmnual preparation of

pi pe shop drawings for fabrication.

A- 31



ABSTRACT 16

“Ten Years Experience with the Building of Scale Models” by
P. Kayser, H Sennert and K  Stulpner (in Gernman), published

in Zentralorgan fur Schiffahrt-Schiffbau-Hafen, Heft 14, 1977.

A general overview of the devel opnent of
design nodeling for the shipbuilding industry
(particularly German) is presented. Di scussi ons
of anticipated future advancenents cover nme-
chani zation of the “take-off” from design nodels.

The Vickers CODEM system is outlined.
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ABSTRACT 17

“Advanced Pipe Technology - Detailed Final Report”, published
by the U S. Departnent of Commerce Maritinme Administration
and Bath Iron Wrks Corporation in conjunction with the

Nati onal Shipbuilding Research Program Decenber 1976.

This report docunents donestic and foreign
state-of-the-art technology for piping design/
engi neering, piping fabrication and piping
assenbly/install ation. Wthin the domain of

pi pi ng design/engineering, input to and output
from specific phases and ancillary functions are
given detailed treatnents. Particul ar phases and

functions addressed are contract definition, schedule

and special material identification, piping diagrans,
pi pi ng arrangenent, pipe detail, hanger design,
operating gear design, supporting lists and schedul es,

techni cal docunentation and revision.

Wth respect to the piping diagram phase of piping
desi gn/ engi neering, very little difference was
found in practices enployed by surveyed donestic
desi gn-agents and shipbuil ders. Forei gn shi pbuilders,
however, place greater enphasis on accuracy and detai
at this stage. Both orthographic and isonetric types
of layouts are discussed without a stated preference.
But, regardless of the type of layout, mninum require-
ments for such diagrans are:
*sinplified structural backgr ound
*di splay of approxinmate arrangenent and
configuration of piping runs, pipe sizes,
special valves, special fittings, equipnent
and tanks
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*synbol |ist

*title block

*acconpanying list/tables defining

materials, pipes, special valves,

special fittings, equipnment, tanks

and punp characteristics
Relative to this phase of the piping design/engineering
process it is concluded that the use of pre-printed
structural backgrounds and conputer prograns for pipe
sizing and related calculations are the nobst significant
cost-effective nethods wutilized by the surveyed donestic
design agents and shipyards. But , even in the variable

ship design environnent of donestic shipbuilding (in

contrast to a few standard designs offered by foreign

yards) significant cost-saving potential lies in conpletely

conputer-generated diagrans as is being developed at

Ital cantieri.

Wthin the piping arrangenent phase of piping design/
engi neering, three-view orthographic presentations are
used by all donestic design agents and shipbuilders.

| sonetric presentations are used by one donestic ship-
builder to aid installation of piping systemns. Whi ch-
ever nethod of presentation is enployed, desirable

attributes are:

*accurate structural background with
conpartnents clearly |abeled

*di splay of exact arrangenent and con-
figuration of piping runs, pipe sizes,

all valves, all fittings, equipnment and
t anks
*presentation at a scale which wll pernmt

accurate preparation of pipe details
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*di mensions referenced to well-defined and
accessible objects

*neat, clear lettering which will not |ose
clarity when reduced

*inclusion of or references to all information

required for material ordering, fabrication
and assenbly/installation

*references to applicable design docunents,
interfacing systens and approval docunents

*synbols and abbreviations [iStS

*title block including data needed in-house
and by regulatory bodies

Considerable attention is given to the subject of interference
control. Various techniques wutilized by surveyed design agents
and shipyards include:

*designer liaison nethod

*space conposite nethod

*space conposite based on “piping conduits”
(i.e. reserved zones)

*overlay nethod

*nmockup et hod

*conputer aided detection system

*nodel et hod

*phot ogranmetry  net hod'
In discussions of the mpdel nethod it is stated that only three
surveyed donestic shipyards use nodels for interference contro
and in all cases, only for special cases in isolated areas of

a ship’'s design. Only one surveyed foreign shipyard (Odense)

'This treatnment of photogrammetry as a neans for interference contro
is incorrect. Phot ogrametry can be wused to l|ift dinmensional data
from nodels -- the nodel itself is actually the nechanism for
interference control
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uses nodels, but in this instance, npdels are used
exclusively for design of machinery and distributive
systens arrangenents. Design data manually lifted
from the nodel are conputer-processed to produce

synbolic pipe details, fabrication instructions and

mat eri al |ists.

Rel ative to the piping arrangenent phase of piping
design/engineering it is concluded that although
orthographic presentations are the nobst wdely used,
isometric presentations appear to offer significant
advantages for certain applications. Mor eover, the
devel opnent of such sketches directly from design
nodels is significant in that the conbined process
elimnates much of the duplicative effort seen in
domestic nodel -buil di ng/ desi gn-engi neering practices.
It is also stated, however, that nodels are not well
suited for interference control because of the |ong
lead tine requirenents and the need for special
personnel and facilities. Hence, the space conposite

is the nopst wdely used interference control techniques.

Subsequent to discussions of the pipe detailing phase

of piping design/engineering it is concluded that
conputer-ai ded pipe detail prograns is one of the nost
significant advancenents in narine piping technol ogy.

In addition, it is the first logical step toward
integrated piping design/engineering systens. Currently
these conputer-aided systens facilitate <cost effective

pipe fabrication but they are not yet so for design.
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To this point the report addresses piping design/
engineering in terns of individual phases in the order
of their occurrence in a traditional design/engineering
process. Di scussions now turn to various totally
integrated systens under developnent in a nunber of
donmestic and foreign shipyards. Typically these
integrated systens are based on design via interactive
graphics or wupon digitizing designs first prepared upon
paper. However, a wunique variation from these concepts

is the COdense conputer-aided design nodel system

At (Odense the use of npdels originated as a tool to
study new ship designs and to aid in marketing of these
desi gns. However, nodels were ultimately incorporated
as a part of the regular design process because of their

nuner ous advant ages.

*portrayal of conplex arrangenents wthout
the need for skilled designers

*ready realization of best arrangenent of
machi nery and piping, thereby optinzing
the layout of piping, ventilation, wre-
ways and gratings

*handling and overall space requirenents

are easily determined and staging require-
nments are nminimzed

*interferences are easily detected and
virtually elimnated at the design stage

*nodel s serve as common basis of conmmunica-

tion between the owners, regulatory bodies
and the shipbuilder

These advantages are seen to far outweigh the basic disadvantage
of long lead time requirenent. Wth the adoption of design

nodeling the design departnent abandoned the traditional nethods
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of preparing arrangenent draw ngs, conposites and pipe
detail s. Under the new schene of operation using
design nodels nearly 90% of a ship may be pre-outfitted

as conpared to 15% with the old nethod.

To facilitate building of nodels a portion of the design
departnment has been made into a nodel shop. O 81 persons
involved in machinery outfitting design 13 to 16 of these
are responsible for construction of engine room nodels.
Fabrication of a nodel is by designers who are also
experienced in nodel building. They work directly from
machi nery arrangenent diagranms and vendor equi pnent
drawings to first establish a final machinery arrangenent.
Deviations from the prelinmnary arrangenent are noted on
those diagrans to permt appropriate weight and nonent

cal cul ati ons. Next, outfitting of all systems is perforned
using the outfitting system diagrans as a guide. However,
a systemsequence is nmore or less followed in accordance
with pre-assigned system opriorities. For exanple, the
main steam system is often designed first followed by

other systens requiring a great deal of space, such as

vent trunks and wireways. Finally, smaller systens are
added to the nodel. I nasmuch as pipe down to 1/2" is

designed in this way, 90% of all engine room piping is

portrayed on the nodel. Typically, the nodel scale is
1:15 and, in Odense’s case, the structural portion is
purchased by sub-contract. Pipes are shown in full scale

representation with standard items such as valves and

fittings portrayed by conmercially available scale nodel



conmponent s. The structural portion of the nodel is
. . +
built with a tolerance of -1 mm whereas the outfitting

is built and neasured on the nodel to fz mm.

Al though changes can occur at any tinme in the design
process, an attenpt is nmde to finalize systens having
high priorities at an early stage in the overall design
process. In this way, fabrication in the pipe shop

can conmence before conpletion of the nodel. Oftentines
the nodel is only about 50% conplete when the first

pi eces are fabricated.

Actual production of the piping fabrication and in-
stallation docunents is perfornmed with the nodel
itself as a basic source of input information; no
system arrangenent or conposites are ever prepared.

I nstead, outfitting systens are first divisioned off
(on the nodel) into snmaller units suitable for sub-
assenbly fabrication and installation. Each such
sub-assenbly is then drawn freehand in the form of

an isonetric sketch showing dinensions (nanually
scaled from the nodel using special steel scales) and
all valves and fittings identified as to type and size.
Each sketch then serves as an input docunment to a
conputer-ai ded pipe detail program as well as an

installation sketch.

Data nmmnually extracted from the isonetric sketches
are entered on conputer input sheets. Upon entry into

the conputer these data are first checked for validity
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and against certain theoretical closures. I'f necessary
the data and/or nodel are nodified. Once corrected
(if necessary) the data for a given system are further
computer-processed in the presence of *“catal ogues” of

standard and unique parts which are defined in ternms of

geonetry and materials. Qutput from this processing
i ncludes synbolic undinensioned pipe detail sketches,
bending and assenbly instructions, mterial lists,

actual costs to produce each subassenbly and the optinum
production path to achieve efficient nmachine |oading

in the pipe shop (overloading is flagged by the conputer).
After isonmetrics are sketched at the nodel about eight weeks
are required to prepare the conputer input and generate the

installation docunments for a given system

For the purpose of outfitting a ship is broken down
into structural bl ocks. Hence, the isonetric sketches

are grouped and bound in booklets corresponding to these

same bl ocks. But, later on, these sketches are regrouped
by systens for delivery to the owner in lieu of arrange-
nment draw ngs. Conputer generated pipe fabrication

docunents, on the other hand, are bound into booklets
to suit production lines in the pipe shop. I nformati on
needed to deliver finished piping according to outfitting

bl ocks is also provided.

Devel opment of a typical engine room nodel requires about
10,000 man hours, exclusive of the hull which is obtained
via subcontract. Reportedly, regulatory agencies were

initially apprehensive over the substitution of nodels in
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the place of traditional arrangenent and conposite

dr awi ngs. Now, however, they prefer the npdel and

generally visit it every three weeks.
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ABSTRACT 18

“A Systems Approach to Total Ships Qutfitting” by P. Bech,
paper presented to Seascape '76 Conference on Developnents
in Shipboard Qutfitting, University of Newcastle upon Tyne,
April 1976.

This paper addresses increased productivity resulting
from design with due regard to production nmethods and facilities,
to planning and to production preparation. In this context the

use of design nodels at Odense Steel Shipyard is described along

with conputer systens for transformng design data into production

i nformation. The paper also deals with production flow of prefabs,
sub-units and super-units. Al so, the -economics of integrated
nmet hods used at GOdense are discussed. Finally, observations are

nmade as to how far a designer should go to ease the production
bur den.

Qutfitting system diagrans are developed from a general
arrangenent and the specification describing the function of the
vessel . This leads to basic decisions on nmajor nmachinery conponents.
Next, design of the nmain layout of the engine room is acconplished
with a nodel of scale 1:40. A nodel at this stage of design allows
qui cker and better decisions while providing a ready nechanism by
whi ch production personnel and owner’'s representatives my review
the arrangenent of mgjor conponents, nmjor auxiliaries, min
ventilation, access during the building phase, securing of space
for pipe wthdramal and exchange of nmajor conponents and, finally,
functioning of the engine room once the vessel is placed into service.
The nodel is also used to decide upon subdivision of the engine room
into production blocks of suitable size (up to 575 tons at Odense)

Detailed design work is carried out on a nodel of 1:15
scal e. Al piping down to 1% is laid out in the nodel, conplete

wth positioning of valves, cable trays, lighting fixtures and all
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other equipment in the engine room The nodel is very expensive
to build up and typically requires ten people working on it con-
tinuously over a period of six months. At Odense the hull or

structural nodel is obtained via subcontract; Odense’'s nodel

wor kshop concentrates only on nmachinery itenms and piping arrangenents.

As with the 1:40 scale nodel, frequent decision nmaking
neetings are held around the nodel to decide upon the best possible
arrangenents from the shipyard's and the custonmer’s point of view
For exanples, positioning of nmaneuvering valves, piping details
amenable to easy overhaul, tenporary supports in the bl ocks.
deci sions regarding sub-units, etc. It is also seen that nmachinery
conponents are located free of block divisions.

Initially design modeling was intended primarily to achieve
better |ayouts of engine roons. This was considered a goal of such
significance that it alone justified the nodeling approach to
design, even though the advantages would be difficult to count in a
nonetary sense since they consist of quicker decisions in design
and fewer manhours in production. Once inplenented, however, the
nodel building program led to another developnent covering a third
design stage; creation of production information.

The Odense “pipe sketching systenf starts at the nodel

where coordinates of bends, joints, flanges and other piping

armatures are “lifted” from the nodel and used for a handmade

i somretric sketch. A basic angle calculation program is used to
deternmine angles in bends. Where possible, these initial angles
are nmodified to be standard val ues. Corrected data along wth

mat eri al speci fication/di nensi ons, prefab block nunbers, fabrication
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operation schedule and assenbly block nunbers are fed into a
computer data base. Qutput from this consists of:

*synoblic pipe sketches

*pi pe bending instructions

*piece work rate for each operation

*pi pe “batching” work orders

*planning data from piece work rates and
work orders

*pipe mounting lists

In its present form the pipe sketching system requires a

long period between design and production owing to the step-by-step

manual input to the conputer wth attendant data correction and
resubm ssi on. In the past this has not been a problem where order
stock in the yard was |arge. But in the present shipbuilding market

Odense has been forced to change its product program and such tine
consuning nmethods can no |onger be tolerated. Accordingly, t he

pi pe sketching system has been streanmliined by addition of a visual
display unit placed next to the nodel itself. Coordinates lifted
from the nodel are entered at the display unit and inmmediately
processed to verify the input for closure, adjust angles of bends,
produce an isonetric pipe sketch and list material data, armature
lists, etc. Hard copy of the display can also be made at the unit.
Then, all correct results are transferred to the data base for
subsequent use in production preparation and in production.
Qoviously this streamining of the system will save man hours in
design but nore inportantly, it drastically shortens calendar tine

between design and production of fabrication and planning docunents.
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Qdense’s experience to date indicates that a little nore than
two ships of the 45,000 to 70,000-dwt class can be handled per
year with a single visual display unit. !

The remainder of this article describes other computer
aided outfitting systenms in use at Odense, but these are not
pertinent to this project. However, a discussion by D. E. G bert
of Vickers Shipbuilding Limted is of particular significance.

He states that there are many advantages to design nodels but the

key to success is dinmensional accuracy. Vi cker’s experience indicates
that this accuracy is lost when nodel scales snmaller than 1:10 are
enpl oyed. In their nodels the structural portion is built to a

tol erance of +0, -2 mm per 1000 nm while equiprment and pipe work are
nodel ed to “neasurable accuracy”. Because the nodel is an inter-

di sciplinary design tool it is the focal point for all draw ng
offices. This results in faster generation of production infornmation.

There are few disadvantages of design nodels. Per haps the
nost serious is the cost involved. It can be argued that this cost
is justified if the ship is complex or if a series building program
is involved. In the case of a “one-off” commercial ship it may only
be economical to nodel particularly conjested areas. Anot her
criticism sonetinmes leveled is that ergonomic problens are not
readily appreciated. However, Vickers has successfully wused nodels
to denonstrate nmaintenance and operating operations.

It is debatable whether the two-nodel approach used by
Qdense has any advantage over the nore conventional single nodel
system Certainly the detailed design nodel can be also used to
establish the equipnent arrangenent. At Vickers piping is repre-

sented true-to-scale rather than by wre and disc.

'The author states that developnent is underway to extend use of
the system to electrical equipnment, cabling, HVAC, etc.
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Vickers has developed a system called “CODEM (Conputerized
Design from Engineering Models) which is unique in that it is used
to extract information directly from a three dinensional nodel,
thus providing a real savings in tine and noney. Prior to devel oping
the system it was very necessary to conpletely standardize pipework
docunentation in the form of isonetric draw ngs, parts |lists,
nunerical information and single Iline arrangenment draw ngs. Once
this comobn nethodology was established the conputer was introduced
to replace nuch of the manual effort required to produce such
documrent ati on.

The first stage of CODEM is the design nodel itself which

is made very accurately in sections not larger than about 6x6x6 feet.

All  machinery, piping, electrical equi pnent, ventilation ducting,
structural itenms, walkways, control panels, etc. are accurately
nodel ed. When the nodel sections are conpleted they are placed one

at a time on a fixed table of a three dinensional telescopic unit.
This wunit consists of two telescopes which travel on rails con-
structed at right angle to one another. Both telescopes can also
nmove in a vertical direction independent of one another. Locati ons
of the telescopes are continuously encoded so that their |locations
relative to the nodel are always known, or at |east can be conputed
by the on-line mni-conputer to which the telescopic unit is

connect ed. To enter data into the computer for a given piping
system an operator at a typewiter-like keyboard/visual display
unit manually keys in a coded description of the pipe. When
geonetric data are needed the operator “instructs” the conputer to
accept the current |ocations of the tw telescopes. (Presumably

the horizontal and vertical angles at which the telescopes are

pointed are also encoded -- pointing of the telescopes at pipe
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| ocations is probably manual.) Data entered in this way are
stored on nagnetic tape. This tape is later fed to a main
conputer in which details of all pipe conponents are stored.
As the nmagnetic tape is read by the conmputer, each general
descri ption of a pipe elenent is matched with the appropriate
det ai |l s. Calculations for length, weight, quantities, etc.,

are perfornmed and another nmmagnetic tape is generated for automated

plotting of isonetric draw ngs. These drawings are fully dinensioned
and labeled with all information necessary to nmanufacture the pipes,
bending instructions included. Parts lists and sunmary lists are

al so generated.
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ABSTRACT 19

“Recent Developnents in the Design and Production of Mrine Piping
Systens” by G Standen and D. E. Glbert, Vickers Limted
Shi pbui lding G oup, paper presented to the Institute of Marine
Engi neers, January 1977.

Several advances nmmde over the past few years in
the developnment of pipe production systenms wthin
Vickers are discussed. Included is the use of design
nodels and a system for dinmensioning from the nodels.
In recent years the building program has been con
centrated on naval vessels. Al inmportant areas in-
volving pipewrk are nocked up in full scale or scale
nodel form Information from these nodels was fornerly
lifted manually and presented as orthographic draw ngs
or as isonetric sketches. Such drawings were available
early in the building program and, therefore, facilitated
manuf acture of pi pework. Pi pe bending data was calcu-
|ated by conmputer but only after manual input of in-
formation shown on the isonetrics.

To inprove productivity, mneans for going directly

from a nodel to the pipe fabrication docunents was

sought . Photogrametry and sinmilar techniques were
investigated and, in particular, techniques used in
the chemical industry. The result of this was that the

technique used by the Lurgi Conpany of Frankfort, West
CGermany was judged to be nobst suitable and the basic
hardware concept and software was purchased from

Lurgi . The hardware was designed and built and software
was conpletely overhauled to suit the special requirenents

of  shi pbuil ding. The conplete system is designated
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CODEM" for Conputer Design from Engineering Mbddels.

A description of this system may be found in the latter
half of the abstract of “A Systens Approach to Total
Ships Qutfitting”. Even though CODEM has been designed
for pipewrk, its extension to electrical and HVAC seens

natural and is under consideration.
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ABSTRACT- 20

“Abstract of Model Engineering Technique in Htachi Zosen”
by Hitachi Shipbuilding and Engineering Conpany, Ltd.'

The title of this docunent is sonewhat msleading inasnmuch as
the substance of the text addresses the use of design nodels.
Faced with increasing size and conplexity of nachinery spaces,
Hitachi investigated nethods of nechanizing the outfitting design.
In 1971 a nodel of a 240,000-DWI turbine-tanker machinery space
was built on an experinmental basis. By 1972 design nodeling was
instituted as a standard design procedure. Through 1974 a total
of seven nachinery spaces were designed in this way.

In 1974 and 1975 Hitachi Zosen and the Japan Ship's Mchinery
Devel opnment Association jointly developed sonic wave and optical
ranging systens for obtaining three dinensional coordinates from
machi nery space nodels. Also , a photographic system was devel oped
whi ch produces orthographic photographs of such nodels. (Pictures
of all three types of equipnent are contained in the report as are
sanpl e ortho-photographs.) In conjunction wth these devel opnents,
nmet hods for nanufacturing nodel parts and for nobdel construction
were devel oped.

In 1976 and 1977 the sanme organizations further developed the
photographic system to the point that it has been designated
“Draft-Camera” and released for comercial use. A procedure for
display of descriptive and dinensional infornmation on the pictures

was also developed for the purpose of interfacing the nodel to an

existing conputer-aided production and outfitting nmanagenent system

'Date is believed to be late 1977.
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Advantages attributed to the design nodel are:
*ower skill and experience level required of

outfitting design engineers

*design faults and interferences are visualized
at an early stage

*nodel s can be used for many purposes such as
initial design, outfitting design, custoner
approval s, display, reference at the work site,
as an aid to reconstruction, etc.

*the variety of working in three dinensions is

attractive to the designers

A-51



ABSTRACT 21

“Installation of the Nerve System of Ships by Use of Scale Models”
by L. Nohse (in German), published in Jahrbuch der Schiffbautechnischen

Gessel | schaft, 1968.

A review of the developnent of design nobdeling
for ships machinery spaces is acconpanied by discussions
of benefits accrued from design nodeling. Comments by

di scussers are appended to the article.
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ABSTRACT 22

“RAPID Report R1l; Users Mnual, Prelimnary” technical report
on the Interactive Piping Design Software Package by P. W
Rourke , Newport News Shipbuilding and Dry Dock Conpany, June 1977.

The RAPID system is a package of conputer prograns
bei ng devel oped by Newport News Shipbuilding and
Dry Dock Conpany under a project jointly funded by
the U S Mritine Admnistration. This software
package is designed to support commuter-aided
piping design and to generate piping manufacturing
docunent s. Conmpl etion of the programs is schedule

for March 1978.

| nput provisions allow the user to:
*define geonetry of pipe runs,

*define decision rules for selection of conponents,

*define assenblies, sub-assenblies,
*define graphic output with arbitrary scales and
viewing directions, and to interactively I abel

and di nension these draw ngs.

Processing on user request allows:

*application of decision rules to inputted pipe
geonetry and to automatically select piping
conponent s,

*check for design errors by testing pipe geonetry

agai nst physical constraints of the pipe shop,

*make nodest changes to pipe geonetry to elimnate

errors.
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Qutput provisions, which nmay be elected for collections

of piping specified by the wuser include:

*piping drawnings of any kind (with dinensions if
i nput)

*mat eri al |ists,

*pi pe bending instructions,

*schematic (joint nap) draw ngs

The Newport News prototype system utilizes a mni
conputer with disc storage, a nmagnetic tape cartridge
unit, a digitizing table, a plotter/printer and a
graphics CRIT. However, the software is not limted to

this hardware configuration.
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ABSTRACT 23

“The Use of Engineering Design Mpdels Asthe Vehicle for
Engi neering, Designing and Constructing Nuclear Power Plants”
by G R Neeley, Bechtel Power Corporation, published in the

proceedings of the Anmerican Engineering Mdel Society 1977 Seninar

A conmplete overview of Bechtel's use of design

nodeling for the Palo Verde Nuclear Generating

Station is presented. Much of the effort follows
contenporary practices of design nodeling. But ,
several interesting variations include:

*The total nopdel is split up into independent

nodel bases to assure mobility and to

facilitate photography. Splits are nade along
colum centerlines or outside surfaces of walls.
Each nodel base is also split in horizontal

pl anes at each mmjor building |evel.

*Exterior walls are constructed of clear plexiglass
and opaque white plexiglass is used for
interior walls. But, in both cases the bul k of
the walls are cut out for designer access and to
reveal the interior for photography.

*|sonmetrics drawn directly from the npdel are
issued to “stress” for approval and to devel op
hanger | ocations. When approved and returned
from stress an approval tag is added to the
nodel and hangers are installed.

*Model building progress is docunmented via video
tapes with audio.

*When the nodel is about 90% conplete each section

of the nodel is photographed in color. The col or
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phot ographs are organized to depict plan and

el evation views as well as special close-up

views . They are sealed in clear plastic and

then secured in a hard-cover binder along wth

a legend, key index and a blue line copy of the
revision control index. These color conposites
take the place of traditional drafted conposites,
but in the case of the photographic versions,

much of the infornmation conveyed is via the nodel
tags which can be seen in the photographs. The
binders are issued to the field for preconstruction
pl anning about four nonths prior to installing
systens. Installation is guided by the isonetric

devel oped from the nodel.
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ABSTRACT 24

“Photogrametry Applied to Pipe Systens of Chemical Plant”

by R Farrand, Inperial Chemical Industries, Plastics

Division, U K., The Photogrametric Record, Cctober 1965.

Wien designing the routes of piping for a chemical plant the
design is produced directly on a skeleton three dinensional
nodel of the plant which can be separated into sections for
access to central areas. El ectrical and instrunent lines are
not shown unless they occupy inportant space relative to the

pi pes. Vessels and other plant equipnment such as punps are
nodel l ed from drawi ngs of these specific conponents. Their
positions, together with general paths of large pipes and pipe
galleries are pre-determined by means of rough I|ayout

nodel s and flow sheets. Precise routes and details of pipework
are then designed as far as possible directly on the nodel.
Pipe centerlines are represented by color-coded wires while
their dianeters are portrayed by sliding discs. Fittings such
as valves and instruments are represented by synbolic shapes.
Intricate and close-fitting details are planned by isonetric

sketching before being nodeled.

Many advantages are attributed to nodeling piping design. For
exanpl e, hundreds general arrangenent drawings are elim nated,
the design-is nore quickly understood and the nunber of inter-
ferences in construction is greatly reduced. Upon conpl etion
of the nodel, however, shapes and dinensions of pipes nmust still
be generated on paper for use by the pipe fabricators and plant
erectors. This is normally done by sketching isonetrics as the
nodel is put together; general arrangenent drawi ngs are then

devel oped from these sketches and by referring back to the nodel
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itself. But, difficulties in nmeasuring direct from the nodel

by hand forces the draftsman to estimate nmany dinensions.

Photogrammetry was seen as an accurate nethod of extracting

di mensional information and recording it to scale on paper.

A crude initial experinent indicated that photogrametry could
produce twice as nmny neasurenents in the same tine as the
fastest draftsman |ifting dinmensions by hand. Mor eover, data
derived by photogrammetry were free of blunders inherent in
the manually produced data. Based upon these very favorable

results, a serious developnent program was undertaken.

A special canera system and stereo plotter were built by

Oficine Glileo of Florence, Italy. The canera system included
a Pair of identical caneras mounted on a horizontal bar which

in turn was supported by a pair of wvertical colums rising from
a base plate which set on the floor for stability. The caneras
could be raised or lowered on the vertical colums and the
horizontal bar could be rotated to allow pointing the caneras

up or down. Separation between the caneras was variable the
canera axes could be adjusted to converge or be parallel and the
focus of each canera could be varied to accommpdate an expected
range of distances between the caneras and the nodel. Col or
reversal or black and white “120” roll film was used in the
caneras; a vacuum system in the backs of the canmeras provided
flattening of the film In operation, the camera system was
adjusted once for a particular series of photographs. Thereafter,
the nodel, which was placed upon a table which ran on horizontal

tracks, was noved, bay-by-bay, in front of the caneras.
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The stereo plotter is an adaptation of a standard design, the

maj or nodification being the addition of a second set of |inkages
and second plotting table. These additions allow sinultaneous
plotting of pipe runs in both plan view and in elevation. That

is, as the operator of the instrunent views a pair of photographs
in three dinensions through the instrunments optical system and
noves his neasuring reticle along a given pipe as he views it

in the instrunent, both plan and elevation views of the npbvenent

of his reticle are recorded on the separate drawi ng tables.

Typically, the drawing scale is 3/4" = 1. Because of a rather
short distance between the caneras and the npdel, an accuracy
of ¥1/4" at the scale of the plant is achieved. L Initial
results indicate that about 95% of all required detail can be

extracted from the nodel strictly via photogranmetry.

An overlay system is used to convert the undinensioned (but
nonet hel ess “to scale”) sketches generated by the stereoplotter
to piping draw ngs. First, an accurate background drawing is
made on stable-base drafting film using the plant steelwork
drawi ngs and vessel detail drawings as a source -- basically
the sane drawings as used to construct the skeleton nobdel.

Then, the stereoplotter-produced pipe sketches are registered
to this background drawing at reference points on the steelwork
or “hard” features such as nozzles, which are also sketched

at the stereoplotter at the same tinme the pipes are sketched.
The pipes are then traced onto the background drawing by a
draftsman who al so adds other data such as pipe nunbers and
valve references, but not dinensions. Schedul es of coordi nates
of end-points and pipe details such as dianeters, valves and

other fittings are prepared to supplement the draw ng.

't is not known whether this is a tolerance or one standard deviatior
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Duplicates of the master drawing are nade on stable base
drafting film for distribution. The fabricator scales his

particular dinensions from his copy of the draw ng.

Investnent in the photogramretric nethod has been fairly
substantial and at the tinme of witing the paper, the nethod

has sone appearance of being cunbersone and slow, especially

at the stereoplotter. But, even though the technique has

not yet been applied to a conplete project it has already been

at least indirectly responsible for a variety of new ideas for
streamining the design process. As a result, reductions in
construction time are now neasured in nonths rather than weeks.
Aside from goals of increased accuracy and speed, photogranmetry
may also allow greater freedons in design. On many occasions

a designer might fornerly route pipes with a view toward avoiding

difficult neasurenent situations on the nodel.
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ABSTRACT 25

“Phot ogrammetry as an Aid to Manufacture of Ship Piping”, The
British Ship Research Association Report NS 306 by W G smth,

1971.

The conventional nmethod of generating pipe manufactur-
ing data through preparation of arrangenent draw ngs
and sketching of pipes at the ship is considered un-
satisfactory. This attitude has developed wth the
evolution of |arge shipbuilding groups, centralization
of drawing offices and the tendency for increasing
physi cal separation of these offices from the pipe
shop and the ship itself. Moreover, conputer based
nmanagenent systens being introduced into shipbuilding
require, for maximum effectiveness, early availability
of operational data. The traditional pipe sketch is
not suitable for any of the present-day conditions

descri bed.

Because shipboard piping systens are beconm ng increasingly
conpl ex, sone yards, in the interest of productivity,

have turned to design nodeling to assist pipework design.
Design nodeling also allows early availability of data

for use in conputer based managenent systens. But, the
nmethod has also introduced problens in lifting dinensional
data needed for the nmanufacture of piping systens. To
present, this has been perfornmed by nmanual measurenent

with a rule, followed by the preparation of isonetric

sketches and pipe-arrangenent draw ngs. This process is
not entirely satisfactory owing to limted access for
measur ement s, duplication of data inherent in the nodel
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It

not

portrayed also as arrangenment drawings and |ack of
data being in a ready form for conputer processing

by information and nanufacturing prograns.

Phot ogrametric neasurenent provides a nore satis-
factory solution; its principal advantage lying in
that it is wvirtually non-contacting. The specific
photogranmetric technique adopted for study is
described as conparative photogrametry. | nmport ant
features of this particular nethod are that it is not
necessary to know the focal l|ength of the camera |ens
nor the distance between caneras; hence, a relatively
i nexpensive canmera nay be used. Measurement of the
photographs nay be performed w th inexpensive equipnent
also . Wiile this nmethod is considerably |ess precise
than nmore rigorous photogrammetric nethods, its
experinmentally determined accuracy of about *3% is
consi dered adequate for the need. ! It is anticipated
that over 80% of an engine rooms pipes can be dealt
with by photogrametry. Also, due to inaccuracies in
photogranmetry, the nmodel and ship construction it is
fully expected that sone sketching wll always be

required at the ship for closing lengths and nade-to-place

pi pi ng.

A single canmera is nounted upon a horizontal bar

which in turn is supported by a pair of vertical

is believed that this is a one standard deviation figure --

a tolerance.
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colums rising from a base. For aimng purposes the canera
may be noved along the horizontal bar and the bar itself

may be noved along the vertical columms. Care is taken

to align the focal plane of the canera parallel to a

vertical plane containing the horizontal bar. For

phot ography the canera system is aligned with the nodel

such that the horizontal bar is parallel to the horizontal
datum of the nodel and that the vertical colums are

parallel to vertical datum of the nodel.

Prior to exposing the photographs, one scale is placed
on the nodel in the foreground and one is placed in the
backgr ound. Al so, a grid is drawn on the nodel base or,
alternately, special markers are placed on the nodel to

aid in subsequent location of the optical centerlines

of the photographs. A series of highly overlapping pictures
(relative to extent of nopdel photographed on one picture)

is then exposed across the front of the nodel. Experi ment al
lighting consists of two 500-watt photoflood bul bs ained
with convergence upon the nodel from a distance away

about equal to the distance of the canera from the nodel.
The lights are adjusted to provide wuniform illumnation

as the canmera is noved between them Care is exercised

to avoid casting of deep shadows of wires as the shadows

on the photographs can be nmistaken for wires thenselves.

Measurenment of the photographs may be perforned with a
steel rule, on a Farrand Overlap Conparator or on a

digitizing table. Enl argenents of the original photographs
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are first scribed with special reference lines to locate

the optical centerlines of the pictures. The  phot ographs
are then taped side-by-side to the digitizing table,

usually with the optical axes of the pictures aligned

with one axis of the digitizing table. Measurenents are
then nmade on both photographs to their optical axes

(as previously scribed), both ends of both scales and points
on the pipes of interest. These neasurenents which sinply
consist of digitizing table X-coordinates are recorded on
paper tape for subsequent processing through an elenentary
conputer program which, in its present form can produce

only the depths of the pipes from the datum surface parallel
to the focal plane of the canera. (However, the process

can be extended to incorporate Y coordinates of the
digitizing table which wll also permt calculation of

heights and 1lengths.)

Actual experinents entailed a series of photographs of a
1/10 scale wire and disc nodel of the engine room of a
dredger; the nodel being split along its |ongitudina
centerline. Two different caneras utilized, an f/2.8
Rolleiflex and a N kkenflex were selected primarily for
their ready availability but were not considered entirely
satisfactory because their twin reflex <characteristics
presented aiming difficulties at the short ranges involved
(about 1 neter from the canera to the front of the nodel).
Black and white filnms were used for both the original and
enl arged photographs inasnuch as the piping was not

col or - coded.
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A first set of experinmental pictures were neasured both
on the Farrand Overlap Conparator and on a digitizing

t abl e. A nunber of pipe depths were calculated from
both sets of neasurenents and conpared to the known

dept hs . For the two nethods of neasurenent respectively,
nmean differences ampunted to 6.3 inches and 2.4 inches
whereas the maxinmum errors were 44.9 inches and 10.6

inches at the full scale of the ship.

However, a second set of pictures taken with greater care
in aligning the canmera system with the nbdel, neasured
on the digitizing table produced results at |east twice

as good as these. 1

Conclusions are that accuracy is best inproved by
refinenent of the neasuring system -- expensive caneras
are not warranted. Great care nust be exercised in
locating the optical centerline on each photograph.
Consideration should be given to a nmeans (i.e. colored
wires) by which pipe systems can be identified. Furt her
investigation is required to determne how photogrametry

can be interlinked to other production information

syst ens. Pre-sketching of pipes by photogrametry or
any other nethod is linmted to an estimated 80% of the
pi pes shown on the mpbdel -- this lint being inposed

primarily by accuracy with which the ship and pipe can

be manuf act ur ed. The entire procedure of conparative

‘Due to the manner in which these particular data were reported,
it was not possible to convert them to physical discrepancies
at the scale of the shinp.
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1t
not

photogranmetry requires very little training for its
. . +
i npl ement ati on. An accuracy of -3% for depth neasure-

nments can be achieved. 1

Appendix | presents the geonetric theory of conparative
photogranmetry, Appendix Il gives a sanple calculation

of a pipe length, a brief analysis of photogrametric
errors is set forth in Appendix Ill, notes on design
nodeling are presented in Appendix |V and Appendix V shows
a flow chart for the conputer program to calculate pipe

| engt hs.

is believed that this is a one standard deviation figure -
a tolerance.



ABSTRACT 26

“Pipe Production Information: A Conputer-Aided Method”, The

British Ship Research Association Report NS396 by B. Dodd and

J. B. Jack, 1974.

A mmjor disadvantage of <current practices for
devel oping pipe manufacturing data is that the
pi pe shop does not receive the data with sufficient

lead time so as to allow planning and batching of

pi pes for the bending nmachines. Moreover, the machine
operator normally works from pipe sketches and, in
some instances, MRy even prepare a snall wre nodel

of a pipe or engage in a lofting process on the

pl umbing shop fl oor. The operator’s productive could
be increased if he were provided directly with a
concise clear list of instructions for each pipe,
from which he could work directly. Al so, any system
which can reduce the nunber of tried-in-place pipes

would also increase productivity.

When design nodeling is enployed pipe dinensions and
angles are normally manually lifted from the nodel

by a draftsman. But, a previous study docunented

in the British Ship Research Report NS 306
“Photogrametry as an Aid to Mnufacture of Ship

Pi pi ng” denponstrated the potential for photogrametric
di rensi oning of design nodels. Since that report,
continued research produced conputer prograns which
can convert data from the photogrammetric digitizing

into spatial coordinates defining a pipe' s ship.
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Isonetrics can be plotted, but the process is cunber-
some in that it is entirely an “offline” procedure;

i.e. conputer processing and drafting is entirely
separate from photogrammetric digitizing. In an

i ndependent devel opnent, another conputer program was
devel oped to generate pipe bending data from coordinates
defining a pipe' s shape. And, vyet separately, |nperial
College was in the process of developing a conputer

aided drafting system

Wrk reported in this BSRA report represents efforts

to conbine all of the above devel opnents so that pipe
bending instructions can be produced, on-line, directly
from photographs of a design nodel. The hardware system
for digitizing the photographs and producing the required
bending data consists of a digitizing table, a PDP-8 mini
conputer with 8K words of nenory, a teletype for program
instruction input and printed output and a CRT for

di splay of isonetrics. To start up the system it is

first necessary to input certain definition paraneters
via the teletype and to digitize certain reference points
on the photographs which are taped to the digitizing

tabl e. The nminiconputer iimediately perfornms an accuracy
test on these data and signals the operator (via the
teletype) whether the data are acceptable. Once this

stage is conpleted successfully, a given pipe of interest

is identified through the use of a “menu” on the digitizing

table and then digitized on the photographs. As the

digitizing proceeds, the path of digitizing is displayed



on a CRT in isometric view as a visual check. The CRT
tube may be photographed if it is desired to use the
isonmetric display as a replacenent for the pipe sketch.
Once the digitizing is conpleted, the pipe bending
program is invoked and calculated bending data are
printed out on the teletype along with nessages (if

any) regarding inproper floor clearance, clanping |ength

and radii which is too small.

For a single pair of photographs about one nminute is
required to digitize the set-up data and another nminute

is required for each pipe to be digitized. Cal cul ation

of bending data is about one second per pipe but the
printout is at a lesser rate owing to the slow speed of
the teletype. However, the teletype is easily replaced
by a faster device. Hence, nost pipes within a typical
model  section' can be digitized and corresponding bending
instructions generated in an hour or two. However, the
present system is not considered conplete inasnuch as
there is no capability for detailing pipes -- this wll
be considered in the next stage of devel oprent. It is also
suggested that consideration be given to wutilizing this
system during the design nodeling process to assure that
practical designs are developed utilizing standard shapes,

I engths, angles, etc.

"Model section” js not defined in terms of size relative to
an entire design nodel.
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The balance of this report gives finer details on the
computer program concepts for converting digitized data
to pipe coordinates and then translating these to
bending instructions. Flowmcharts of the progranms and a

typical output are given in appendices.
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ABSTRACT 27

“One Step Isonetrics From Mdels” by J. Birkhoff,

Continental Engineering, N V. (Anmsterdan), published in
Hydrocarbon Processing, July 1972.

Design nodels can be used to develop better designs
but seldom have they reduced design costs. Comput er s,
on the other hand, are a nmmjor factor in reducing design
costs. Proper interfacing of npbdels and conputers can
produce better designs, |ower design costs and on-schedule
conpl eti ons.

Once a nmodel is conpleted, the normal procedure has
been to prepare arrangenent drawings from it, and then to
produce isonetrics from the arrangenent drawi ngs. An
i mproved procedure, however, is to create the isonetrics
directly from the nodel with the aid of a conputer. To
do this, an XYZ coordinate system is established on the
nodel . All piping is physically located in this coordinate
system and tags bearing this infornmation are attached to
the various conponents in the nodel. Experi ence has shown
that if a nodel is so prepared, manual coding of coordinates
and piping conponents and subsequent conputer generation
of isonmetrics requires about one-half the tine required for
conventi onal arrangenent  draw ngs. It has also been found
that when a client requires arrangenents, the tinme required
to build a nodel and then produce the drawings is about the
same as producing the drawings wthout a nodel.

It would seem that after a conpleted nodel is shipped
to a job-site, it would be difficult for designers to respond
to questions from the owner or personnel on the job-site.

To avoide this potential difficulty, a special nodel photo-

graphy program was instituted.
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In the past, preparation of isonetrics, bills of
material, cutting lists, etc. by conventional met hods
was very tinme consuming and costly. To inprove this
situation and recognizing the trend toward increasing
| abor costs but stable conmputer costs, a firm was
contracted to develop a conputer program for autonated
preparation of isonetrics and bills of naterial. Basi c
requirements of this program were:

*isometrics should |ook |ike handnade ones

*the designer or draftsman coding input data
should need only be concerned wth coordinates,
class number and part identifications (i.e.
code nunbers for parts)

*operation with only 64K bytes of conputer
menory

In addition to coded input to the program in-
formation is automatically drawm from a pernanent data
bank of descriptions and dinensions for standard conponents
such as flanges, fittings and valves. Each conponent has a
uni que part of “code” nunber. Anot her permanent data bank
which is automatically accessed contains graphical synbols
for each part -- these synbols appear on the conputer
generated isonetrics. And finally, a third data bank
contains material specifications or classes which contain
the lists of all acceptable parts within each class. These
three data banks can be updated, as necessary, w thout
difficulty.

In operation, the program not only accesses the three

data banks based upon coded input, it also checks the validity
of the input. For exanple, two different pipe sizes wll not
be “connected” without a reducer being specified. An isonetric
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and bill of material is produced only if all input is
found wvalid.
As the basic program described above proved successful,

additional capabilities added with tine included:

*sunmary bill of material for an entire project

*sunmary of insulation requirenents based on

conmponent type, tenperature range and |ength
of pipe

*sunmaries of heat tracing materials, including
insulation requirenments

*sunmaries of surfaces requiring painting

*weld sunmnmaries

*material wunit costs for use in estimating or
budget control

*fabrication |abor costs

*erection manhours for each isonmetric
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APPENDI X B

GLOSSARY OF TERMS



The following glossary of terns has been prepared

specifically for this report. Accordingly, many definitions are

presented in the context in which the words or phrases were used

in the body of this report and may not be entirely general.



Anal yti cal

Anal yti cal
Phot ogrammetry

Attribute

CRT
Canera Station

Cat hode Ray Tube

Conpar at or

Conput er - ai ded

Conver gence

Desi gn Model

Di gital

to arrive at a result by nmathematical
cal cul ati on.

the method in which inmges of specific
points of interest within a scene are
neasured on photographs -- these
neasurenments are then conputer processed

to form a three dinensional digital nodel

of the scene which, in turn, may be further
processed by digital nmeans for final
presentation of numerical and/or graphica
results.

specific identifying information bel onging
to any part of a piping system for exanple,
a branch may have attributes which further

define that it is an extruded branch of
di aneter 2-inches.

abbreviation for cathode ray tube.
see exposure station

a television-like device used for fast

display of nunerical or graphical conputer
input and output when a hard-copy record is
not immediately required.

see monoconpar at or .

to be partially assisted by conputer action;
for exanple, the calculation of pipe bending
data based on pipe geonetry input to the
conputer by a user.

tilting of the optical axes of adjacent
photographs so that the axes tend to inter-
sect rather than remmin parallel or diverge.

a nodel whose final form is based largely
upon engineering design decisions exercised

t hroughout construction of the nodel;
decisions are guided initially by ship or
pl ant specifications and general diagrammatic
traditional design at the drafting board is
not perforned.

nunerical; expressed in terms of nunbers
usually in the context of a conputer
envi ronnent .



Digital Nodel a scaled three dinensional rendition
of a scene photographed, generated by
conputer processing of conparator
neasurenents of inmages of specific
points within the scene or through
poi nt-by-point digitizing of an optical
nodel in a stereoplotter; the digital
nodel consists only of those points of
the scene whose inmmges are neasured.

Digitizer an instrument for recording relative
| ocations of points - digitizing tables
such as wused in mold lofts record only
in two dinensions whereas a stereoplotter
can record in three dinensions.

Encoder a device for continual nonitoring of the
position of a nmeasuring reticle along an
axis of a digitizer.

Event an occurrence along a run of pipe such
as its starting point, ending point and
intervening fittings, val ves, br anches,

etc.
Exposure Station the location from which a photograph is
t aken.
For mat a defined order in which data are collected

together and presented to a conputer program
or are output from a conputer program

Geonetry an unanbi guous and conplete nunerical
description of the |locations of pipes
and their fittings, etc. in three

di nensi onal space.

Gr aphi cal a presentation of data in the form of a
line drawing such as a nap.

Har d- copy a presentation of data on a reproducible
nmedi um for exanple, outout from a
conputer printed on paper.

Har dwar e tangi bl e equi pnent such as a conputer,
canera or digitizer.

I dentifier see attribute.

I nteractive a dynanmc man/conputer operation where in
the-user sits at a terminal and “converses
with the conputer; either may ask pre-
progranmed questions of the other and
provide answers to the sane.



Measuring Reticle

Mechani ze

M ni - conput er

Model Base

Monoconpar at or

Monoscopi c

Of-1ine

On-1line

Optical Axis

Optical Model

a dot or cross-hair within a stereoplotter
or conparator used to sight upon specific
points of interest or to trace features
for the purpose of digitizing or producing
graphi cal product.

aut onat e.

a physically snmall conmputer primarily
intended to nonitor and control operation
of equipnent on an instantaneous basis.

a rigid table upon which a nodel or
portion thereof is constructed.

a device for neasuring relative |ocations
of images of points on a photograph; the
instrument consists of an x-axis, a y-axis,
a stage upon which the photograph is lain,
a measuring reticle and viewing optics.

a two dinensional perception.

to perform a function as a second step
usually at a point in time renoved from

an initial action and oftentines in a
different place; for exanple, to conputer
generate data for plotting an isonetric

and recording the data on nagnetic tape

for subsequent input to a plotting nachine.

to perform a function just as soon as it
can be executed and wusually in the sane

| ocation at which the function became
ready for execution; for exanple, to
conmputer-generate data for plotting an
isometric with the plotting proceeding on
a plotting machine wired to the computer.

that |ine which passes through the optical
center of the lens and is perpendicular
to the focal plane of the canera.

a three dinmensional rendition of a scene
phot ographed, created in a stereoplotter
by projecting light through the original
negatives or transparent copies thereof;
the separately projected inmages are viewed
with special optics so as to fuse like

i mages and create the perception of depth.



Ort hographic

Phot ogrammetry

Ray

Rel ative Oientation -

Reticle

Signalize

Sof t war e

St andard Devi ation -

Stereonetric

St ereopl otter

St ereoscopi ¢

Tag

a pictoral or graphical presentation of
an object which is of equal scale over
the entire presentation.

the science of extracting reliable two
or three dinensional nmeasurenents of a
scene from one or nore photographs of

t he scene.

a pencil of light or a mathematical 1|ine
between a point on an object, its inmage
on a photograph and which passes through
the canera |ens.

the geonetrical relationship of one
photograph to another at the tinmes at

which they were taken; expressed nmthe-
matically in terms of the angular relation
of the optical axes and coordinate |ocations
of the exposure stations.

a dot or cross-hair used to sight wupon
points of interest in a neasuring instrument.

to place an identifying mark such as a
target on an object.

conputer  prograns.

a statistical neasure of the probable
accuracy of a nunber whose value is the
result of nore than one independent
nmeasurenent or calculation; a one-standard
deviation accuracy figure neans that the

di fference between the nmeasured or conputed
value and the true value wll probably be
less than or equal to the standard deviation
67 out of 100 tinmes; as a practical matter,
tolerance is equal to 2 to 2.5 tines the
standard deviation.

three dinensional in nature or having
the capacity to produce a three dinensional
result.

a projection instrunment used to create a
three dinensional optical nodel from a pair
of overl apping photographs; see optical.
nodel .

a three dinmensional perception.
an adhesive |label upon which identifying

information is placed and which is attached
to a conponent within a nodel.



Tar get a mark such as a dot or cross which
is used to unmstakenly identify a
| ocation upon which a sighting is to
be made by a neasuring instrunent.

Ter m nal a device through which a user can enter
and/or receive information, usually in
connection with conputer processing.

Triangul ate in analytical photogranmetry, the process
of digitally projecting rays from corres-
ponding imges of the same point on two
or nmore photographs to their intersection
at that point in the scene.

Wre and Disc a nodel building technique wherein pipes
are represented with thin wires and pipe
dianeters are represented by discs attached
to the wires; dianeters of the discs are
true-to-scale.
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